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Description 
TECHNICAL FIELD 

5 [0001 1 The present Invention relates to a cell In which the activity of a protein relating to transport of an Intracellular 
sugar nucleotide, GDP-fucose, lo the Golgi body Is more decreased or deleted than its parent cell; a process for 
producing an antibody composition using the cell; a transgenic non-human animal or plant or the progenies thereof, 
in which genome is modified so as to have a decreased or deleted activity of a protein relating to transport of an 
intracellular sugar nucleotide, GDP-fucose, to the Golgi body; a process for producing an antibody composition from 

10 the animal or plant; and a medicament comprising the antibody composition. 

BACKGROUND ART 

[0002] In the Fc region of an antibody of an IgG type, two N-giycoside-linked sugar chain binding sites are present. 
15 In serum IgG to the sugar chain binding site, generally, binds a complex type sugar chain having plural branches and 
in which addition of sialic acid or bisecting N-acetylglucosamine is low. It is known that there is variety regarding the 
addition of galactose to the non-reducing end of the complex type sugar chain and the addition of fucose to the N- 
acetylglucosamine in the reducing end [Biochemistry, 36, 130 (1997)]. 

[0003] It has been considered that such a structure of a sugar chain is determined by a glycosyltransferase which 
20 synthesizes a sugar chain and a glycolytic enzyme which hydrolyzes the sugar chain. 
[0004] Synthesis of an N-glycoside-linked sugar chain is described below. 

[0005] Glycoproteins are modified with a sugar chain in the endoplasmic reticulum (hereinafter referred to as "ER") 
lumen During the biosynthesis step of the N-glycoside-linked sugar chain, a relatively large sugar chain is transferred 
to the polypeptide chain which is elongating in the ER lumen. In the transformation, the sugar chain is firstly added in 

25 succession to phosphate groups of a long chain lipid carrier comprising about 20 oMsoprene units, which is called 
dolichoi phosphate (hereinafter sometimes referred to as "P-Dol"). That is, N-acetylglucosamine is transferred to doll- 
chol phosphate to thereby form GlcNAc-P-P-Dol and then one more GlcNAc is transferred to form GlcNAc-GlcNAc- 
P-P-Dol Next five mannoses (hereinafter mannose is also referred to as "Man") are transferred to thereby form 
(Man)c-(GlcNAc)o-P-P-Dol and then four Man's and three glucoses (hereinafter glucose is also referred to as "Glc") 

so are transferred. Thus, a sugar chain precursor, (Glc) 3 -(Man) 9 -(GlcNAc) 2 -P-P-Dol, called core oligosaccharide is 
formed The sugar chain precursor comprising 14 sugars is transferred as a mass to a polypeptide having an aspar- 
agine-X-serine or asparagine-X-threonlne sequence in the ER lumen. In the reaction, dolichoi pyrophosphate (P-P-Dol) 
bound to the core oligosaccharide is released but again becomes dolichoi phosphate by hydrolysis with pyrophos- 
phatase and is recycled. Trimming of the sugar chain immediately starts after the sugar chain binds to the polypeptide. 

35 That is, 3 Glc's and 1 or 2 Man's are eliminated on the ER, and it is known that u-1 ,2-glucosidase I, u-1 ,3-glucosidase 
II and ct-1 ,2-mannosidase relates to the elimination. 

[0006] The glycoprotein which was subjected to trimming on the ER is transferred to the Golgi body and are variously 
modified In the cis part of the Golgi body, N-acetylglucosamine phosphotransferase which relates to addition of man- 
nose phosphate, N-acetylglucosamine 1 -phosphodiestera-N-acetylglucosaminidase andcc-mannosidase I are present 

40 and reduce the Man residues to 5, In the medium part of the Golgi body, N-acetylglucosamine transferase I (GnTI) 
which relates to addition of the first outside GlcNAc of the complex type N-glycoside-llnked sugar chain, a-mannosidase 
II which relates to elimination of 2 Man's, N-acetylglucosamine transferase II (GnTII) which relates to addition of the 
second GlcNAc from the outside and a1 ,6-fucosyltransf erase which relates to addition of fucose to the reducing end 
N-acetylglucosamlne are present. In the trans part of the Golgi body, galactose transferase which relates to addition 

45 of galactose and sialy (transferase which relates to addition of sialic acid such as N-acetylneuraminic acid are present. 
It is known that N-glycoside-linked sugar chain is formed by activities of these various en2ymes. 
[0007] Regarding the sugar chain of an antibody, Boyd etai have examined effects of a sugar chain on the antibody- 
dependent cell-mediated cytotoxic activity (hereinafter referred to as 'ADCC activity") and complement-dependent 
cytotoxic activity (hereinafter referred to as "CDC activity") by treating a human CDR-grafted antibody CAM PATH- 1 H 

so (human lgG1 subclass) produced by a Chinese hamster ovary cell (CHO cell) or a mouse myeloma produced by NS0 
cell with various sugar hydrolyzing enzymes, and reported that elimination of the non-reducing end sialic acid did not 
have influence upon both activities, but the CDC activity alone was affected by further removal of galactose residue 
and about 50% of the activity was decreased, and that complete removal of the sugar chain caused disappearance of 
both activities [Molecular Immunol., 32, 1311 (1995)). Also, Llfely et a/, have analyzed the sugar chain bound to a 

55 human CDR-grafted antibody CAM PATH- 1 H (human lgG1 subclass) which was produced by CHO cell, NS0 cell or rat 
myeloma YO cell, measured its ADCC activity, and reported that the CAM PATH- 1 H produced by YO cell showed the 
highest ADCC activity, suggesting that N-acetylglucosamine (hereinafter sometimes referred to as "GlcNAc") at the 
bisecting position is important for the activity [Glycobiology, 5, 813 (1 995); WO 99/54342J. 



2 



BNSOOCID: <EP_ 1B0O69BA1 J_> 



I' 

1 » 



EP 1 500 698 A1 



ro .e in the to medicaments is in consideration are 

acetylglucosamine transferase V (GnTV) and the like [G/ycoo/o/ogy ' * . . th 1 1 _ de . 

type sugar chains. Actuaily, it has been ^^^^S^^S^^JS^ when the inhibitors such as 

was expressed by using a GnTIII-introduced CHO cell, it showed 16 t.mes ^'j^^^^JJJ^JJ 
was changed by using, as a host «M™Bn hay . g mannose type 

ment thev are not suitable as clones used in the production of pharmaceutical preparations. 
So?41 Thus in order to modify a sugar chain structure of a produced glycoprotein, attempts have been made to 

Jost cTc^abfe of producing antibody molecules modified with a most suitab.e sugar chain structure has not been 
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DISCLOSURE OF THE INVENTION 

[001 5J The present Invention relates to the following (1 ) to (70). 

5 (1 ) A cell in which the activity of a protein relating to transport of an Intracellular sugar nucleotide, GDP-f ucose, to 

the Golgi body is more decreased or deleted than its parent cell. 

(2) The cell according to (1 ), wherein the activity of a protein relating to transport of an intracellular sugar nucleotide, 
GDP-fucose, to the Golgl body is decreased or deleted by a genetic engineering technique. 

(3) The cell according to any one of (2) to (5), wherein the genetic engineering technique is selected from the group 
w consisting of (a) to (d): 

(a) a gene disruption technique which comprises targeting a gene encoding a protein relating to transport of 
an intracellular sugar nucleotide, GDP-fucose, to the Golgi body; 

(b) a technique for introducing a dominant negative mutant of a protein relating to transport of an intracellular 
15 sugar nucleotide, GDP-fucose, to the Golgi body; 

(c) a technique for introducing mutation into a protein relating to transport of an intracellular sugar nucleotide, 
GDP-fucose, to the Golgi body; 

(d) atechniqueforsuprressing transcription and/or translation of a protein relating to transport of an intracellular 
sugar nucleotide, GDP-fucose, to the Golgi body. 



20 



25 



(A) The cell according to (3), wherein the dominant negative mutant of a protein relating to transport of an intrac- 
ellular sugar nucleotide, GDP-fucose, to the Golgi body is an N-terminal deletion mutant of a protein relating to 
transport of an intracellular sugar nucleotide, GDP-fucose, to the Golgi body. 

(5) The cell according to (4), wherein the N-termlnal deletion mutant of a protein relating to transport of an intrac- 
ellular sugar nucleotide, GDP-fucose, to the Golgl body is an N-terminal deletion mutant in which 30 amino acids 
at the N-termlnal of a protein relating to transport of an Intracellular sugar nucleotide, GDP-fucose, to the Golgi 
body are deleted. 

(6) The cell according to (3), wherein the technique for suprressing transcription and/or translation of a protein 
relating to transport of an intracellular sugar nucleotide, GDP-fucose, to the Golgi body is an RNAi (RNA interfer- 

30 ence) method. 

(7) The cell according to (6), wherein a double-stranded RNA comprising an RNA and Its comlementary RNA is 
introduced into or expressed in the cell, said RNA comprised in the double-stranded RNA being selected from the 
group consisting of the following (a) to (d) and being capable of decreasing the amount of mRNA of a protein 
relating to transport of an intracellular sugar nucleotide, GDP-fucose, to the Golgi body: 



35 



40 



(a) an RNA corresponding to a DNA comprising a nucleotide sequence of continuous 10 to 30 nucleotides in 
the nucleotide sequence represented by SEQ ID NO:1 ; 

(b) an RNA corresponding to a DNA comprising a nucleotide sequence of continuous 10 to 30 nucleotides in 
the nucleotide sequence represented by SEQ ID NO:3; 

(c) an RNA corresponding to a DNA comprising a nucleotide sequence of continuous 10 to 30 nucleotides in 
the nucleotide sequence represented by SEQ ID NO:29; 

(d) an RNA corresponding to a DNA comprising a nucleotide sequence of continuous 10 to 30 nucleotides in 
the nucleotide sequence represented by SEQ ID NO:30. 

45 (8) The cell according to (6) or (7), wherein the double-stranded RNA comprising a RNA selected from the group 

consisting of (a) and (b) and its complementary RNA is introduced into or expressed in the cell to thereby decrease 
the amount of mRNA of a protein relating to transport of an intracellular sugar nucleotide, GDP-fucose, to the Golgi 
body; 

bo (a) an RNA comprising the nucleotide sequence represented by SEQ ID NO:33; 

(b) an RNA which comprises a nucleotide sequence in which one or a few nucleotide are deleted or added in 
the nucleotide sequence represented by SEQ ID NO:33 and has substantially the same RNAi activity as the 
nucleotide sequence represented by SEQ ID NO:33. 

55 (9) The cell according to (7) or (8), wherein the double-stranded RNA is introduced into the cell by using a vector 

into which a DNA corresponding to the RNA according to (7) or (8) and its complementary DNA are introduced. 
(10) The cell according to any one of (1) to (9), wherein the protein relating to transport of an intracellular sugar 
nucleotide, GDP-fucose, to the Golgi body is a GDP-fucose transporter. 
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(1 1 ) The cell according to (1 0), wherein the GDP-fucose transporter is a protein encoded by a DMA selected from 
the group consisting of the following (a) to (h): 

(a) a DNA comprising the nucleotide sequence represented by SEQ ID NO:1 ; 

(b) a DNA comprising the nucleotide sequence represented by SEQ D N0.3 

(c) a DNA comprising the nucleotide sequence represented by SEQ ID NO.29. 

(d) a DNA comprising the nucleotide sequence represented by SEQ ID NO.30 

e a DNA which hybridizes with a DNA comprising the nucleotide sequence represented by SEQ ID NO.1 
under stringent conditions and having a GDP-fucose transporter activrty; 

f) a DNA which hybridizes with a DNA comprising the nuc.eotide sequence represented by SEQ ID NO.3 
under stringent conditions and having a GDP-fucose transporter activity; ra . ad bv SEQ |D no . 29 

g a DNA which hybridizes with a DNA comprising the nucleotide sequence represented by SEQ ID NO.29 
under stringent conditions and having a GDP-fucose transporter activity; 

2 a DNA which hybridizes with a DNA comprising the nucleotide sequence represented by SEQ ID NO.30 
, 5 under stringent conditions and having a GDP-fucose transporter activity. 

(12) Thece.lacx : ordingto(10).whereintheGDP-f U cose transporter is a protein selected from the group consisting 
of the following (a) to (I): 

20 (a) a protein comprising the amino acid sequence represented by SEQ ID NO:2; 

. (b) a protein comprising the amino acid sequence represented by SEQ D NO.4 
c) a protein comprising the amino acid sequence represented by SEQ ID NO* . 

25 inserted and/or added in the amino acid sequence represented by SEQ ID NO:2 and has a GDP-fucose trans 



40 



45 



50 



55 



^SiSUl- .n .mine add l-*g . »«™'»9y - « «- •» «* •» <"*» 

sequence represented by SEQ ID NO:32 and has a GDP-fucose transporter activity. 



following (a) to (d): 

(a) a Lens culinaris lectin; 

(b) a P/sum sativum lectin; 

(c) a V/c/a fefca lectin; 

(d) an Aleuria aurantia lectin. 



(18) The eel accord** to any one of (1) to (14). wherein Die o.ll Is ..looted (rom the croup donating 1 . yenst. 
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(a) a CHO cell derived from a Chinese hamster ovary tissue; 

(b) a rat myeloma cell line YB2/3HLP2.G11 .16Ag.20 cell; 

(c) a mouse myeloma cell line NSO cell; 

(d) a mouse myeloma cell line SP2/0-Ag14 cell; 

5 (e) a BHK cell derived from a Syrian hamster kidney tissue; 

(0 a hybridoma cell which produces an antibody; 

(g) a human leukemic cell line Namalwa cell; 

(h) an embryonic stem cell; 

(i) a fertilized egg cell; 
w (j) a plant cell. 

(17) A cell In which a gene encoding an antibody molecule is introduced into the cell according to any one of (1) 
to (16). 

(1 8) The cell according to (17), wherein the antibody molecule is selected from the group consisting of the following 
is (a) to (d): 

(a) a human antibody; 

(b) a humanized antibody; 

(c) an antibody fragment comprising the Fc region of (a) or (b); 
20 (d) a fusion protein comprising the Fc region of (a) or (b). 

(19) The cell according to (17) or (18), wherein the antibody molecule belongs to an IgG class. 

(20) The cell according to any one of (17) to (19), wherein the antibody composition has a higher antibody-de- 
pendent cell-mediated cytotoxic activity than an antibody composition produced by its parent cell. 

25 (21) The cell according to (20), wherein the antibody composition having a higher antibody-dependent cell-medi- 

ated cytotoxic activity has a higher ratio of a sugar chain in which fucose is not bound to N-acetylglucosamine in 
the reducing end in the sugar chain among total complex N-glycoside-linked sugar chains bound to the Fc region 
in the antibody composition than an antibody composition produced by its parent cell, 

(22) The cell according to (21), wherein the ratio of a sugar chain in which fucose is not bound to Af-acetylglu- 
30 cosamine in the reducing end through a-bond is 20% or more of total complex N-glycoside-l inked sugar chains 

bound to the Fc region in the antibody composition. 

(23) The cell according to (21), wherein the sugar chain in which fucose is not bound is a sugar chain in which 
1 -position of fucose is not bound to 6-posltlon of W-acetylglucosamlne in the reducing end in the complex N- 
glycoside-linked sugar chain through a-bond. 

35 (24) A process for producing an antibody composition, which comprises using the cell according to any one of (1 7) 

to (23). 

(25) A process for producing an antibody composition, which comprises culturing the cell according to any one of 
(1 7) to (23) in a medium to form and accumulate an antibody composition in the culture; and recovering the antibody 
composition from the culture. 

40 (26) The process according to (24) or (25), wherein the antibody composition has a higher antibody-dependent 

cell-mediated cytotoxic activity than an antibody composition produced by its parent cell. 

(27) The process according to (26), wherein the antibody composition having a higher antibody-dependent cell- 
mediated cytotoxic activity has a higher ratio of a sugar chain in which fucose is not bound to N-acetylglucosamine 
in the reducing end in the sugar chain among total complex N-glycoside-linked sugar chains bound to the Fc region 

45 in the antibody composition than an antibody composition produced by its parent cell. 

(28) The process according to (27), wherein the ratio of a sugar chain in which fucose is not bound to A/-acetylglu- 
cosamine in the reducing end through a-bond is 20% or more of total complex A/-glycoside-linked sugar chains 
bound to the Fc region in the antibody composition. 

(29) The process according to (27), wherein the sugar chain in which fucose is not bound is a sugar chain in which 
50 1 -position of the fucose is not bound to 6-position of AAacetylglucosamine in the reducing end through a-bond in 

a complex A/-glycoside-!inked sugar chain. 

(30) A transgenic non-human animal or plant or the progenies thereof, in which genome is modified so as to have 
a decreased or deleted activity of a protein relating to transport of an intracellular sugar nucleotide, GDP-fucose, 
to the Golgi body. 

55 (31 ) The transgenic non-human animal or plant orthe progenies thereof according to (30), wherein a gene encoding 

a protein relating to transport of an intracellular sugar nucleotide, GDP-fucose, to the Golgi body is knocked out. 
(32) The transgenic non-human animal or plant or the progenies thereof according to (31 ), wherein aft allelic genes 
on a genome encoding a protein relating to transport of an intracellular sugar nucleotide, GDP-fucose, to the Golgi 
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body is knocked out. 

(33) The transgenic non-human animal or plant or the progenies thereof according to any one of (30) to (32), 
wherein the protein relating to transport ot an intracellular sugar nucleotide, GDP-fucose, lo the Golgi body is a 
GDP-fucose transporter. 

5 (34) The transgenic non-human animal or plant or the progenies thereof according to (33), wherein the GDP-fucose 

transporter is a protein encoded by a DNA selected from the group consisting of the following (a) to (h): 

(a) a DNA comprising the nucleotide sequence represented by SEQ ID NO:1; 

(b) a DNA comprising the nucleotide sequence represented by SEQ ID NO:3; 
10 (c) a DNA comprising the nucleotide sequence represented by SEQ ID NO:29; 

(d) a DNA comprising the nucleotide sequence represented by SEQ ID NO:30; 

(e) a DNA which hybridizes with a DNA comprising the nucleotide sequence represented by SEQ ID NO:1 
under stringent conditions and having a GDP-fucose transporter activity; 

(f) a DNA which hybridizes with a DNA comprising the nucleotide sequence represented by SEQ ID NO:3 
15 under stringent conditions and having a GDP-fucose transporter activity; 

(g) a DNA which hybridi7es with a DNA comprising the nucleotide sequence represented by SEQ ID NO:29 
under stringent conditions and having a GDP-fucose transporter activity; 

(h) a DNA which hybridizes with a DNA comprising the nucleotide sequence represented by SEQ ID NO;30 
under stringent conditions and having a GDP-fucose transporter activity. 

20 

(35) The transgenic non-human animal or plant or the progenies thereof according to (33), wherein the GDP-fucose 
transporter is a protein selected from the group consisting of the following (a) to (I): 

(a) a protein comprising the amino acid sequence represented by SEQ ID NO:2; 
25 (b) a protein comprising the amino acid sequence represented by SEQ ID NO;4; 

(c) a protein comprising the amino acid sequence represented by SEQ ID NO:31 ; 

(d) a protein comprising the amino acid sequence represented by SEQ ID NO:32; 

(e) a protein which comprises an amino acid sequence in which at least one amino acid is deleted, substituted, 
inserted and/or added in the amino acid sequence represented by SEQ ID NO:2 and has a GDP-fucose trans- 

30 porter activity; 

(f) a protein which comprises an amino acid sequence in which at least one amino acid is deleted, substituted, 
inserted and/or added in the amino acid sequence represented by SEQ ID NO:4 and has a GDP-fucose trans- 
porter activity; 

(g) a protein which comprises an amino acid sequence In which at least one amino acid is deleted, substituted, 
35 inserted and/or added in the amino acid sequence represented by SEQ ID NG;31 and has a GDP-fucose 

transporter activity; 

(h) a protein which comprises an amino acid sequence in which at least one amino acid is deleted, substituted, 
inserted and/or added in the amino acid sequence represented by SEQ ID NO:32 and has a GDP-fucose 
transporter activity; 

40 (|) a protein which comprises an amino acid sequence having a homology of at least 80% with the amino acid 

sequence represented by SEQ ID NO:2 and has a GDP-fucose transporter activity; 

(J) a protein which comprises an amino acid sequence having a homology of at least 80% with the amino acid 
sequence represented by SEQ ID NO:4 and has a GDP-fucose transporter activity; 

(k) a protein which comprises an amino acid sequence having a homology of at least 80% with the amino acid 
45 sequence represented by SEQ ID NO:31 and has a GDP-fucose transporter activity; 

(I) a protein which comprises an amino acid sequence having a homology of at least 80% with the amino acid 
sequence represented by SEQ ID NO:32 and has a GDP-fucose transporter activity. 

(36) The transgenic non-human animal or the progenies thereof according to any one of (30) to (35), wherein the 
50 transgenic non-human animal is selected from the group consisting of cattle, sheep, goat, pig, horse, mouse, rat, 

fowl, monkey and rabbit. 

(37) A transgenic non-human animal or plant or the progenies thereof in which a gene encoding an antibody 
molecule is introduced into the transgenic non-human animal or plant or the progenies thereof according to any 
one of (30) to (36). 

55 (38) The transgenic non-human animal or plant or the progenies thereof according to (37), wherein the antibody 

molecule is selected from the group consisting of the following (a) to (d): 

(a) a human antibody; 
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(b) a humanized antibody; 

(c) an antibody fragment comprising the Fc region of (a) or (b); 

(d) a fusion protein comprising the Fc region of (a) or (b). 

(39) The transgenic non-human animal or plant or the progenies thereof according to (37) or (38), wherein the 
antibody molecule belongs lo an IgG class. 

(40) A process for producing an antibody composition, which comprises rearing the transgenic non-human animal 
or plant or the progenies thereof according to any one of (37) to (39); isolating a tissue or body fluid comprising 
an antibody composition from the reared non-human animal or plant; and recovering the desired antibody com- 
position from the isolated tissue or body fluid. 

(41) A process for producing an antibody composition, which comprises isolating an antibody-producing cell from 
the transgenic non-human animal or plant or the progenies thereof according to any one of (37) to (39); culturing 
the Isolated antibody-producing cell in a medium to form and accumulate an antibody composition in a culture; 
and recovering the antibody composition from the culture. 

(42) The process according to (40) or (41), wherein the antibody composition has a higher antibody-dependent 
cell-mediated cytotoxic activity than an antibody composition produced from a non-human animal or plant In which 
genome is not modified or the progenies thereof. 

(43) The process according to (42), wherein the antibody composition having a higher antibody-dependent cell- 
mediated cytotoxic activity has a higher ratio of a sugar chain in which fucose is not bound to N-acetylglucosamine 
in the reducing end in the sugar chain among total complex N-glycoside-llnked sugar chains bound to the Fc region 
in the antibody composition than an antibody composition produced by a non-human animal or plant or the prog- 
enies thereof in which genome is not modified. 

(44) The process according to (43), wherein the ratio of a sugar chain in which fucose is not bound to /V-acetylglu- 
cosamine in the reducing end through a-bond is 20% or more of total complex N-g lycos ide-l inked sugar chains 
bound to the Fc region in the antibody composition. 

(45) The process according to (43), wherein the sugar chain in which fucose is not bound is a sugar chain in which 
1 -position of the fucose is not bound to 6-position of /^acetylglucoeamine in the reducing end through a-bond in 
a complex N-glycoslde-linked sugar chain. 

(46) An antibody composition produced by the process according to any one of (24) to (29). 

(47) An antibody composition produced by the process according to any one of (40) to (45). 

(48) A medicament comprising as an active ingredient the antibody composition according to (46) or (47). 

(49) The medicament according to (48), which is diagnosing, preventing or treating tumor-accompanied diseases, 
allergy-accompanied diseases, inflammatory-accompanied diseases, autoimmune diseases, cardiovascular dis- 
eases, viral inreclion-accompanled diseases or bacterial infection-accompanied diseases. 

(50) A protein which is selected from the group consisting of the following (a) and (b): 

(a) a protein comprising the amino acid sequence represented by SEQ ID NO:2; 

(b) a protein which comprises an amino acid sequence in which at least one amino acid is deleted, substituted, 
inserted and/or added in the amino acid sequence represented by SEQ ID NO:2 and has a GDP-fucose trans- 
porter activity. 

(51) A DNA comprising the nucleotide sequence represented by SEQ ID NO:1 . 

(52) A target vector for homologous recombination which comprising targeting a GDP-fucose transporter, com- 
prising the full length DNA represented by SEQ ID NO:1 or a part thereof. 

(53) A protein which inhibits the function of a GDP-fucose transporter. 

(54) The protein according to (53). wherein the protein which Inhibits the function of a GDP-fucose transporter is 
a dominant negative protein of a GDP-fucose transporter. 

(55) The protein according to (54), wherein the dominant negative protein of a GDP-fucose transporter is an N- 
terminal-deleted mutant of GDP-fucose transporter. 

(56) The protein according to (55), wherein the N -terminal-deleted mutant of GDP-fucose transporter is an N- 
terminal-deleted mutant of GDP-fucose transporter in which 30 amino acids are deleted from the N-tarminal of the 
GDP-fucose transporter , ^ . 

(57) The protein according to any one of (53) to (56), wherein the GDP-fucose transporter Is a protein selected 
from the group consisting of the following (a) to (I): 

(a) a protein comprising the amino acid sequence represented by SEQ ID NO:2; 

(b) a protein comprising the amino acid sequence represented by SEQ ID NO;4; 

(c) a protein comprising the amino acid sequence represented by SEQ ID NO:31 ; 
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(d) a protein comprising the amino acid sequence represented by SEQ ID NO:32; ., iK -ii.*-h 
e a protein which comprises an amino acid sequence in which at least one amino acid Is deleted substl uted. 
inserted and/or added in the amino acid sequence represented by SEQ ID NO:2 and has a GDP-fucose trans- 
Dorter BCtivitv* 

5 (f) a protein which comprises an amino acid sequence in which at least one amino acid Is deleted subsisted. 

Inserted and/or added in Ihe amino acid sequence represented by SEQ ID NO:4 and has a GDP-lucose trans- 

fg) a 6 pSn which comprises an amino acid sequence in which at least one amino acid is deleted, substituted, 
inserted and/or added in the amino acid sequence represented by SEQ ID NO:31 and has a GDP-fucose 

10 transporter activity; . „..u„.it.,»=H 

(h) a protein which comprises an amino acid sequence in which at least one ammo acid is deleted, substituted, 
inserted and/or added in the amino acid sequence represented by SEQ ID NO:32 and has a GDP-fucose 

(H protein wnteh y comprises an amino acid sequence having a homology of at least 80% with the amino acid 
is sequence represented by SEQ ID NO:2 and has a GDP-fucose transporter activity; 

(J) a protein which comprises an amino acid sequence having a homology of at least 80% with the amino acid 
sequence represented by SEQ ID NO:4 and has a GDP-fucose transporter activity; 
(k) a protein which comprises an amino acid sequence having a homology of at least 80% with the ammo acid 
sequence represented by SEQ ID NO:31 and has a GDP-fucose transporter activity; 
so (I) a protein which comprises an amino acid sequence having a homology of at least 80% with the amino acd 

sequence represented by SEQ ID NO:32 and has a GDP-fucose transporter activity. 

(58) A DNA encoding the protein according to any one of (53) to (57). „„ m „ la 

(59) A double-stranded RNA comprising an RNA selected from the group consisting of (a) and (b) and Its compte- 
rs mentary RNA: 

(a) an RNA comprising the nucleotide sequence represented by SEQ ID NO:33; 

b -an RNA which comprises a nucleotide sequence in which one or a few nucleotide are de eted or added 
in the nucleotide sequence represented by SEQ ID NO:33 and has substantially the same RNAI activ ty to a 
30 protein relating to transport of an intracellular sugar nucleotide, GDP-fucose, to the Golgi body as the nucleotide 

sequence represented by SEQ ID NO:33. 

(60) A DNA corresponding to the RNA according to (59) and its complementary DNA. 

(61) The DNA according lo (60), wherein Ihe DNA corresponding to the RNA is represented by the nucleotide 
35 sequence represented by SEQ ID NO:16. 

(62) A recombinant DNA comprising the DNA according to (60) or (61) and its complementary DNA. 

(63) The recombinant DNA according to (62). which is constituted for expressing the double-stranded RNA ac- 

(elfMiJniformant obtainable by introducing the recombinant DNA according to (62) or (63) into a cell. 
40 66) A process for producing a cell resistant to a lectin which recognizes a sugar chain in which 1 -position of f ucose 

Is boundto 6-position of N-acetylglucosamine in the reducing end through a-bond in a complex N-g ycos.de-l.nked 
sugar chain, which comprises Introducing into and/or expressing in a cell the double-stranded RNA according to 

(66) The process according to (65), wherein said introduction of the double-stranded RNA is introduction of a 
45 vector into which a complementary DNA of the RNA according to (62) or (63) is inserted. 

(67) The process according to (65) or (66), wherein the cell resistant to a lectin which recognizes a sugar chain in 
which 1 -position of fucose is bound to 6-position of N-acetylglucosamine in the reducing end through a-bond in a 
complex AAglycoside-linked sugar chain is a cell resistant to at least one lectin selected from the group consisting 
of the following (a) to (d): 



so 



ss 



(a) a Lens culinaris lectin; 

(b) a Pisum sativum lectin; 

(c) a Vicia faba lectin; 

(d) an Aleuria aurantia lectin. 



(68) The process according to any one of (65) to (67), wherein the cell is selected from the group consisting of a 
yeast, an animal cell, an Insect cell and a plant cell. 

(69) The process according to any one of (65) to (68), wherein the cell Is selected from the group consisting of the 
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following (a) to (j): 

(a) a CHO cell derived from a Chinese hamster ovary tissue; 

(b) a rat myeloma cell line YB2/3HL.P2.G11 16Ag.20 cell; 
s (c) a mouse myeloma cell line NSO cell; 

(d) a mouse myeloma cell line SP2/0-Ag14 cell; 

(e) a BHK cell derived from a Syrian hamsler kidney tissue; 

(f) a hybridoma cell which produces an antibody; 

(g) a human leukemic cell line Namalwa cell; 
10 (h) an embryonic stem cell; 

(i) a fertilized egg cell; 
(j) a plant cell. 

(70) Use of the antibody composition according to (43) or (44) in the manufacture of the medicament according to 
75 (48) or (49). 

r0O16] The cell of the present invention in which activity of a protein relating to transport of an intracellular sugar 
nucleotide GDP-fucose, to the Golgi body is more decreased or deleted than its parent cell (hereinafter referred to as 
"hot cSl o mS p Sen invention") may be any cel.. so long as it is a ce.l in which acuity of a protein relating to 
transport of an Mr aca.lular sugar nucleotide. GDP-fucose. to the Golgi body (hereinafter referred to as »GDP-fucose 
transport protein") Is more decreased or deleted than its parent cell. 

lOOm Theparent cell meansacellbeforeamethodfordecreasingordeletingtheactivityoftheGDP.fucosetransport 

mta 'VhTSe'nTcell of NSO cell includes NSO cells described in literatures such as BIOITECHNOLOGY, 10 169 
1 992 and Biotechnol Bioeng., 73, 261 (2001 ), NSO cell line (RCB 021 3) registered at RIKEN Cell Bank, The Institute 
of Physical and Chemical Research, sub-cell lines obtained by acclimating these cell lines to media in which they can 

roo^rTh^parent cell of SP2/0-Ag14 cell includes SP2/0-Ag14 cells described in literatures such as J. Immunol 
26 317 (iSsD NatJre. 276. 269 (1978) and Human Antibodies and Hybridomas, 3, 129 (1992). SP2/0-Ag14 cell 
(ATCC CRL-1 581) registeTidat ATCC. sub-cell lines obtained by acclimating these cell lines to media in which they 
can arow (ATCC CRL-1 581 .1 ), and the like. 

roo201 The parent cell of CHO cell derived from Chinese hamster ovary tissue includes CHO cells descnbed in 
Sure™^ 3SS. •« tl«). noc. Nat, ^ B «*""B 

275 (1968) Genetics 55, 513 (1968). Chromosoma, 41., 129 (1973). Methods in Cell Science, 18. 115 (1996). Red,- 
aZn Srcft "48 260 1997). Proc. Natl. Acad ScUJSA, 77, 4216 (1980). Proc. Natl. Acad. Scl. USA, 60. 1275 
SSn STTlSotS and MolecuiarCel, Genetics, Appendix I, I. (p. 883-900). cell line CHO-K1 (ATCC CCL-61 . 
cell line DUXB11 (ATCC CRL-9096) and cell line Pro-5 (ATCC CRL-1781) registered at ATCC, commerc.ally available 
cell line CHO-S (Cat # 1161 9 of Life Technologies), sub^ell lines obtained by acclimating these cell lines to med.a .n 

SS* ^;^\?Zr7ny« 0 ™ cei. line YB2/3HL.P2.G11 ,6Ag*0 cel. includes ce.l lines established from 
Y3/A01 2 3 cell (ATCC CRL-1 631 ) such as YB2/3HL.P2.G1 1 .1 6Ag.20 cell described In literatures such as J. Cell. Biol., 
93 5?6 (1982 and Methods Enzymol., 73B, 1 (1981), YB2/3BL.P2.G11.16Ag.20 ce.l (ATCC CRL-1662) registered at 
ATCC sub-lines obtained by acclimating these cell lines to media in which they can grow, and the like. 
r0022 The method for decreasing or deleting the activity of the GDP-fucose transport protein may be any technique, 
so long as It is a method for decreasing or deleting the activity of the GDP-fucose transport protein. However, genetic 
engineering techniques are preferred. Examples include: 

(a) a gene disruption technique which comprises targeting a gene encoding the GDP-fucose transport protein. 

(b) a iechnique for introducing a dominant negative mutant of the GDP-fucose transport protein, 
so ( C ) a technique for introducing mutation into the GDP-fucose transport protein. 

(d) a technique for suprressing transcription and/or translation of the GDP-fucose transport protem, and the like. 

r00231 Furthermore, the cell of the present invention in which the GDP-fucose transport protein is more decreased 
or deleted than its parent cell can be obtained by using a method for selecting a clone resistant to a lectin winch 
55 recognizes a sugar chain in which 1 -position of fucose is bound to 6-position of W-acetylglucosam.ne in the reducmg 

end through a-bond in the complex /V-glycoside-llnked sugar chain. 

[0024] The Pectin-resistant cell is a cell in which its growth is not inhibited in cell culturing when a lectm is applied to 
the culturing medium at an effective concentration. 
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an influence on the activity or expression of the GDP-fucose transport prote.n » mcluded in the GDP-f ucose transport 
m in the present invention, the GDP-fucose transporter includes a protein encoded by a DNA of the following 
(a) to (h): 

(a) a DNA comprising the nucleotide sequence represented by SEQ ID NO:1 ; 

(b) a DNA comprising the nucleotide sequence represented by SEQ D NO:3, 
20 (c) a DNA comprising the nucleotide sequence represented by SEQ ID NO:29, 

(d) a DNA comprising the nucleotide sequence represented by SEQ ID NO .30, 

e a DNA which hybridizes with the DNA comprising the nucleotide sequence represented by SEQ ID NO.1 under 
stringent conditions and encodes a protein having GDP-fucose transporter * 
(f) a DNA which hybridizes with the DNA comprising the nucleot.de sequence represented by SEQ ID NO.3 
25 strinqent conditions and encodes a protein having GDP-fucose transporter activity; 

S a DNA which hybridizes with the DNA comprising the nucleotide sequence represented by SEQ ID NO.29 
under stringent conditions and encodes a protein having GDP-fucose bv SE Q ID NO'30 

(h) a DNA which hybridizes with the DNA comprising the nucleotide sequence represented by SEQ ID NO.30 
under stringent conditions and encodes a protein having GDP-fucose transporter acfvity. 

30 [0029] Also, the GDP-fucose transporter of the present Invention includes a protein selected from the group of the 
following (i) to (t): 

(i) a protein comprising Ihe amino acid sequence represented by SEQ ID NO:2; 
3S 0) a protein comprising the amino acid sequence represented by SEQ ID NO* 

(k) a protein comprising the amino acid sequence represented by SEQ ID NO.31, 

(1) a protein comprising the amino acid sequence represented by SEQ ID N0.3Z, , llha » ftutei d 
STS— **» «™*<* .n .mine acid eaponno. in «** 

inserted and/or edded in the amino aeidseouence represented by SEO ID NO:31 and has GDP-lucose transporter 

strain which comprisas an amino acid serprenca in which a. laaet one an*. «** £££££££ 
Insarted and/or added in the amino acid sequence raprasantsd by SEQ ID NO:32 and has GDP-lucose transporter 

Saprdtain -oh comprises an amine acid aequenc. Paving a homology of a. la... 60% with ma amino aoid 
;"^^Crr.=r.& - ma amino a* 
sequence represented by SEQ ID NO:32 and has GDP-fucose transporter activity. 
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[0030] In the present invention, a DNA which is hybridizable under stringent conditions is a DNA obtained, e.g., by 
a method such as colony hybridization, plaque hybridization or Southern blot hybridization using a DNA such as the 
DNA having the nucleotide sequence represented by SEQ ID NO:1, 3, 29 or 30 or a partial fragment thereof as the 
probe, and the examples of which includes a DNA which can be identified by carrying out hybridization at 65°C in the 

5 presence of 0.7 to 1 .0 M sodium chloride using a filter to which colony- or plaque-derived DNA fragments are immo- 
bilized, and then washing the filter at 65°C using 0.1 lo 2 x SSC solulion (composition or the 1 x SSC solution com- 
prising 150 mM sodium chloride and 15 mM sodium citrate). The hybridization can be carried out in accordance with 
the methods described, e.g., in Molecular Cloning, A Laboratory Manual, Second Edition, Cold Spring Harbor Labo- 
ratory Press (1989) (hereinafter referred to as "Molecular Cloning, Second Edition"), Current Protocols in Molecular 

10 Biology, John Wiley & Sons, 1987-1997 (hereinafter referred to as "Current Protocols in Molecular Biology 1 )-, DNA 
Cloning 1: Core Techniques, A Practical Approach, Second Edition, Oxford University (1 995); and the like. The hybrid- 
izable DNA include a DNA having at least 60% or more, preferably 70% or more, more preferably 80% or more, still 
more preferably 90% or more, far more preferably 95% or more, and most preferably 98% or more, of homology with 
the nucleotide sequence represented by SEQ ID NO:1 , 3, 29 or 30. 

15 [0031] In the present invention, the protein which comprises an amino acid sequence in which at least one amino 
acid is deleted, substituted, inserted and/or added in the amino acid sequence represented by SEQ ID NO;2, 4, 31 or 
32 and has GDP-fucose transporter activity can be obtained, e.g., by introducing a site-directed mutation into a DNA 
encoding a protein having the amino acid sequence represented by SEQ ID NO:2, 4, 31 or 32, respectively, by using 
the method for introducing site-directed mutagenesis described, e.g., in Molecular Cloning, Second Edition; Current 

so Protocols in Molecular Biology, Nucleic Acids Research,i0, 6487 (1982); Proc. Natl. AcadScL, USA, 79, 6409 (1982); 
Gene t 34, 315 (1985); Nucleic Acids Research, 13, 4431 (1985); Proc. Natl. Acad. ScL USA, 82, 488 (1985); and the 
like. The number of amino acids to be deleted, substituted, inserted and/or added is one or more, and the number is 
not particularly limited, but is a number which can be deleted, substituted or added by a known technique such as the 
site-directed mutagenesis, e.g., it is 1 to several tens, preferably 1 to 20, more preferably 1 to 1 0, and most preferably 

25 1 to 5. 

[0032] As a protein having a homology of at least 80% with the amino acid sequence represented by SEQ ID NO: 
2, 4, 31 or 32 and having GDP-fucose transporter activity, mentioned are proteins having at least 80% or more, pref- 
erably 85% or more, more preferably 90% or more, still more preferably 95% or more, far more preferably 97% or 
more, and most preferably 99% or more, of homology with the amino acid sequence represented by SEQ ID NO:2 f 4, 
30 31 or 32 when calculated using an analyzing soft such as BLAST [J. Mol. Biol., 215, 403 (1990)] or FASTA [Methods 
in Enzymology, 183, 63 (1 990)], and also having GDP-fucose transporter activity. 

[0033] The host cell of the present invention may be any cell, so long as it can express an antibody molecule. Ex- 
amples include yeast, an animal cell, an insect cell, a plant cell and the like, and preferred is an animal cell. As an 
animal cell, preferred examples include a CHO cell derived from a Chinese hamster ovary tissue, a rat myeloma cell 
35 line YB2/3HL.P2.G11 .16Ag.20 cell, a mouse myeloma cell line NS0 cell, a mouse myeloma SP2/0-Ag14 cell, a BHK 
cell derived from a syrian hamster kidney tissue, an antibody producing-hybridoma cell, a human leukemia cell line 
Namalwa cell, an embryonic stem cell, a fertilized egg cell and the like. 

[0034] The antibody composition can be prepared by introducing a gene encoding an antibody molecule into the 
host cell of the present invention or by using the host cell when the host cell is capable of producing an antibody 
40 molecule. 

[0035] Moreover, the present invention relates to a process for producing an antibody composition, which comprises 
using a non-human animal or plant or the progenies thereof in which genome is modified so as to decrease the activity 
of a protein relating to transport of an intracellular sugar nucleotide, GDP-fucose, to the Golgi body. 
[0036] In the present Invention, the antibody composition is a composition which comprises an antibody molecule 

45 having a complex A/-glycoside-linked sugar chain in the Fc region. 

[0037] The antibody is a tetramer in which two molecules of each of two polypeptide chains, a heavy chain and a 
light chain (hereinafter referred to as M H chain" and M L chain", respectively), are respectively associated. Each of about 
a quarter of the N-terminal side of the H chain and about a half of the N-terminal side of the L chain (more than 100 
amino acids for each) is called variable region (hereinafter referred to as "V region") which is rich in diversity and directly 

50 relates to the binding with an antigen. The greater part of the moiety other than the V region is called constant region 
(hereinafter referred to as "C region"). Based on homology with the C region, antibody molecules are classified into 
classes IgG. IgM, IgA, IgD and IgE. 

[0038] Also, the IgG class is further classified into subclasses lgG1 to lgG4 based on homology with the C region. 
[0039] The H chain is divided into four immunoglobulin domains, VH, CH1 , CH2 and CH3, from its AMerminal side, 
55 and a highly flexible peptide region called hinge region is present between CH1 and CH2 to divide CH1 and CH2. A 
structural unit comprising CH2 and CH3 under the downstream of the hinge region is called Fc region to which a 
complex A/-glycoside-linked sugar chain is bound. Fc region is a region to which an Fc receptor, a complement and 
the like are bound (Immunology Illustrated, the Original, 5th edition, published on February 10, 2000, by Nankodo; 
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Handbook of Antibody Technology (total Kogaku Nyumon), 1st edition on January 25. 1994. by Chljln Shokan). 
f0040] Sugar chains of glycoproteins such as an antibody are roughly divided Into two types, namely a sugar chain 
^JSXmSSS! (Vg'ycoside-linked sugar chain) and a sugar chain which binds to other ammo acid such 
Tsserine.threonine^ 

linked sugar chains have a basic common core structure shown by the following s mctural tonnula (I 
Experimentation Method 23 - Method for Studying Glycoprotein Sugar Chain (Gakujutsu Shuppan Center), edited by 
Reiko Takahashi (1989)): 



10 Man a 1 



' 5 

Man a 



6 Mgn £ 1 »-4GlcNAc $ 1 *-4GlcNAc (I) 

1 ' 



25 



30 



35 



[0041] In formula (I), the sugar chain terminus which binds to asparagine is called a reducing end. and the opposite 

20 "££ C The N^o^nke^sugar chain may be any W-giycoside-linked sugar chain, so long as It comprises the 
core structure ofCula (I). Examples include a high mannose type in which mannose alone binds to the non-reducing 
en I o Z cor JSre a complex type in which the non-reducing end side of the core structure comprises at least 
one a 2e S gala^-AZ-acetylglucosamine (hereinafter referred to as "Gal-GlcNAc") and the ^on-reduc. 
ing end side of Gal-GlcNAc comprises a structure of sialic acid, bisecting ^acetylg 

type in which the non-reducing end side of the core structure comprises branches of both of the h.gh mannose type 

fiST K^eFc^fn the antibody molecule comprises posKions to which ^osidej.nked 
are separately bound, two sugar chains are bound per one antibody molecule. Since the W-gycoslde- ^d sugar 
chain which b^ds to an antibody molecule includes any sugar chain having the core structure represented by formula 
(.MheTe are a number of combinations of sugar chains for the two /v-glycoside-linked sugar cha.ns wh.ch bind to the 

rooET Accordingly the antibody composition of the present Invention which is prepared by a cell in which the activity 
^QD^S«?K»port protein is decreased or deleted may comprise an antibody having the same sugar chain 
structureoran antibody 

from the composition. As the antibody composition of the present invention preferred ,s an ^^^^ 
which among the total complex V-glycoside-linked sugar chains bound to the Fc region in the antibody composition 
The raiioTa sugar chain in which fucose is not bound to /^.glucosamine in the reducing end ,n the sugar <**n 
Is higher than tnat of an antibody composition produced by a parent cell which rs not subjected to a treatment for 
40 decressinn or deletinq the activity of the GDP-fucose transport protein. 

?0045] FurthemSra 9 he antibody composition of the present Invention which is prepared by using a non-human 
arSma or pit oTthe progenies thereof In which genome is modified so as to decrease the activity of 
transport protein may comprise an antibody having the same sugar chain structure or en antibody having dhferent 
sZr c^r S tLtures so long as the effect of the present Invention is obtained from the compos.tion As the antibody 
45 cXoiitnTthe present invention, preferred is an antibody composition in which, among the total complex rV-giy- 
cZe-linked sugar chains bound to the Fc region in the antibody composition, the ratio of a sugar ^chain m which 
fucose is not bound to N-acetylglucosamine in the reducing end in the sugar chain is higher than that of an antibody 
Lomposttion prepared by using anon-human animal or plant orthe progenies thereof (here.nafter referred to as "parent 

so [o^^ 

educ ng end in the sugar chain among the total complex Nglycoside-linked sugar chains bound to , *e Fc region 
coma ned in the antibody composition is a ratio of the number of a sugar chain in wh.ch fucose « not bound to* 
acSgTucosline Z thereduc^g end in the sugar chain to the total number of the complex AAgrycoside-linked sugar 
chains bound to the Fc region contained in the composition. m. 
5s [0047] The sugar chain In which fucose is not bound to N-acetylglucosamine in the reducing end ,n the comple N_ 
aWcoside IWced sugar chain is a sugar chain in which fucose is not bound to N-acetylglucosamine in the reducing end 
S^JSSSSSSSZt N-gUlde-Hnked sugar chain. Specifics.*, t is a complex sugar 
chain in which 1-position of fucose is not bound to 6-position of w-acetylglucosamine through a-bond. 
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[0048] The antibody composition having high ADCC toxicity includes those in which, among total complex /V-glyco- 
side-linked sugar chains bound to the Fc region in the antibody composition, the ratio of a sugar chain in which fucose 
is not bound to N-acetylglucosarnine in the reducing end in the sugar chain is higher than the ratio in an antibody 
composition produced by the parent cell or parent individual. Examples include an antibody composition in which the 
s activity Is at least 2 times, preferably at least 3 times, more preferably at least 5 times, and still more preferably 10 
times or higher. An anllbody composition in which all of complex A/- glycoside- linked sugar chains bound to the Fc 
region in the antibody composition are sugarchains in which fucose is nol bound to /V-acelylglucosamine in the reducing 
end In the sugar chain is most preferred. 

.[0049] According to the antibody composition of the present invention, when, among total complex A/-glycoside- 
io linked sugar chains bound to the Fc region, the ratio of a sugar chain in which fucose is not bound to N-acetylglu- 
cosamine in the reducing end in the sugar chain is higher than that in an antibody composition produced by the parent 
cell or parent individual, the antibody composition of the present invention has higher ADCC activity than the antibody 
composition comprising an antibody molecule produced by the parent cell or parent individual. 
[0050] The ADCC activity is a cytotoxic activity in which an antibody bound to a cell surface antigen on a tumor cell 
13 In the living body activate an effector cell through an Fc receptor existing on the antibody Fc region and effector cell 
surface and thereby obstruct the tumor cell and the like [Monoclonal Antibodies: Principles and Applications, Wiley- 
Liss, Inc., Chapter 2.1 (1 955)]. The effector cell includes a killer cell, a natural killer cell, an activated macrophage and 
the like. 

[0051] The ratio of a sugar chain in which fucose is not bound to A/-acetylglucosamine in the reducing end in the 
20 sugar chain contained in the composition which comprises an antibody molecule having complex N-glycoside-linked 
sugar chains in the Fc region can be determined by releasing the sugar chain from the antibody molecule by using a 
known method such as hydrazinolysis or enzyme digestion [Biochemical Experimentation Methods 23 - Method for 
Studying Glycoprotein Sugar Chain (Japan Scientific Societies Press), edited by Reiko Takahashi (1 989)], carrying out 
fluorescence labeling or radioisotope labeling of the released sugar chain and then separating the labeled sugar chain 
25 by chromatography. Also, the released sugar chain can also be determined by analyzing it with the H PA ED- PAD method 
[J. Liq. Chromatogn, 6, 1557 (1983)]. 

[0052] The antibody molecule may be any antibody molecule, so long as it comprises the Fc region of an antibody. 
Examples include an antibody, an antibody fragment, a fusion protein comprising an Fc region, and the like. 
[0053] The antibody includes an antibody secreted by a hybridoma cell, an antibody prepared by a genetic recom- 
30 bination technique, namely an antibody obtained by introducing an antibody gene-inserted antibody expression vector 
into a host cell, and the like. Examples include an antibody produced by a hybridoma, a humanized antibody, a human 
antibody and the like. 

[0054] A hybridoma Is a cell which Is obtained by cell fusion between a B cell obtained by Immunizing a non-human 
mammal with an antigen and a myeloma cell derived from mouse or the like and which can produce a monoclonal 

35 antibody having the antigen specificity of interest, 

[0055] The humanized antibody includes a human chimeric antibody, a human CDR-grafted antibody and the like. 
[0056] A human chimeric antibody is an antibody which comprises H chain V region (hereinafter referred to as "HV" 
or "VH M ) and L chain V region (hereinafter referred to as "LV" or "VL"), both of a non-human animal antibody, a human 
antibody H chain C region (hereinafter also referred to as "CH") and a human antibody L chain C region (hereinafter 

40 also referred to as "CI"). The non-human animal may be any animal such as mouse, rat, hamster or rabbit, so long 
as a hybridoma can be prepared therefrom. 

[0057] The human chimeric antibody can be produced by obtaining cDNAs encoding VH and VL from a monoclonal 
antibody-producing hybridoma, inserting them into an expression vector for host cell having genes encoding human 
antibody CH and human antibody CL to thereby construct a human chimeric antibody expression vector, and then 

45 Introducing the vector into a host cell to express the antibody. 

[0058] As the CH of human chimeric antibody, any CH can be used, so long as it belongs to human immunoglobulin 
(hereinafter referred to as "nig") can be used, and those belonging to the hlgG class are preferred, and any one of the 
subclasses belonging to the hlgG class, such as hlgG1 , hlgG2, hlgG3 and hlgG4. can be used. As the CL of human 
chimeric antibody, any CL can be used, so long as it belongs to the hlg class, and those belonging to the k class or X 

so class can be used. 

[0059] The human CDR-grafted antibody can be produced by constructing cDNAs encoding V regions in which CDRs 
of VH and VL of a non-human animal antibody are grafted into CDRs of VH and VL of a human antibody, inserting 
them into an expression vector for host cell having genes encoding human antibody CH and human antibody CL to 
thereby construct a human CDR-grafted antibody expression vector, and then introducing the expression vector into 
55 a host cell to express the human CDR-grafted antibody. 

[0060] As the CH of human CDR-grafted antibody, any CH can be used, so long as it belongs to the hlg, and those 
of the hlgG class are preferred and any one of the subclasses belonging to the hlgG class, such as hlgG1, hlgG2, 
hlgG3 and hlgG4, can be used. As the CL of human CDR-grafted antibody, any CL can be used, so long as It belongs 
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fragment can be converted further into a human antibody molecule comprising two full H cha.ns and two 
KSTa SSnSSSShg transgenic non-human anima. is an anima, in which a human 

ES35S£SE=SSSSsk=b= 

human antibody in the culture. u„__ „,„,,.* ra t fowl monkev. rabbit 

[0066] The transgenic non-human animal includes cattle, sheep, goat. pig. horse, mouse, rat, fowl, monKey. ra 

prisingthe Fc region of an antibody or the antibody fragment with a protein such as an en^ 
referred to as "Fc fusion protein"). 

[0070] The present invention is explained below in detail. 

45 

1 . Preparation of host cell of the present invention 

[0071] The host cell of the present invention can be prepared by the following techniques. 
50 (1 ) Gene disruption technique which comprises targeting gene encoding GDP-fucose transport protein 

fucose transporter and the like. 

ncluded. Examples include a homologous recombination method, an RNA-DNA ^"^J^^S^ 
method using retrovirus, a method using transposon, an antisense method, a rlbozyme method, an RNA interference 
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(RNAi) method and the like. 

(a) Preparation of cell of the present invention by antisense method or ribozyme method 

5 [0075] The host cell of the present Invention can be prepared by targeting a gene encoding the GDP-f ucose transport 
protein according to the ribozyme method described in Cell Technology, 12, 239 (1 993); BIO TECHNOLOGY, 17, 1 097 
(1999); Hum. MoL Genet, 5, 1083 (1995); Cell Technology, 13, 255 (1994); Proc. Natl, Acad. Sci. USA, 96, 1886 
(1999); or the like, for example, as follows. 

. [0076] A cDN A or a genomic DNA encoding the GDP-fucose transport protein is prepared. 
10 [0077] The nucleotide sequence of the prepared cDNA or genomic DNA is determined. 

[0078] The genomic DNA encoding the GDP-fucose transport protein includes a genomic DNA encoding a GDP- 
fucose transporter comprising the nucleotide sequence represented by SEQ ID NO:34 or 35. 

[0079] Based on the determined DNA sequence, an antisense gene or ribozyme construct of an appropriate length 
comprising a part of DNA which encodes the GDP-fucose transporter protein, a part of its untranslated region or a part 

15 of its intron, is designed. 

[0080] In order to express the antisense gene or ribozyme in a cell, a recombinant vector is prepared by inserting a 
fragment or total length of the prepared DNA into downstream of the promoter of an appropriate expression vector. 
[0081] A transformant is obtained by introducing the recombinant vector into a host cell suitable for the expression 
vector. 

20 [0082] The host cell can be obtained by selecting a transformant based on the activity of the GDP-fucose transporter 
protein. The host cell of the present invention can also be obtained by selecting a transformant based on the sugar 
chain structure of a glycoprotein on the cell membrane or the sugar chain structure of the produced antibody molecule. 
[0083] As the host cell used for preparing the host cell of the present invention, any cell such as yeast, an animal 
cell, an insect cell or a plant cell can be used, so long as it has a gene encoding the target GDP-fucose transporter 

25 protein. Examples include host cells described in the following item 3. 

[0084] As the expression vector, a vector which is autonomously replicable in the host cell or can be integrated into 
the chromosome and comprises a promoter at such a position that the designed antisense gene or ribozyme can be 
transferred is used. Examples include expression vectors described in the following item 3. 

[0085] As the method for introducing a gene Into various host cells, the methods for introducing recombinant vectors 
30 suitable for various host cells described in the following item 3 can be used. 

[0086] As a method for obtaining a cDNA or genomic DNA of the GDP-fucose transporter protein, the following 
method is exemplified. 



35 



Preparation method of cDNA : 



[0087] A total RNA or mRNA is prepared from various host cells. 
[0088] A cDNA library is prepared from the prepared total RNA or mRNA. 

[0089] Degenerative primers are produced based on a known amino acid sequence, such as a human sequence, 
of the GDP-fucose transport protein, and a gene fragment encoding the GDP-fucose transport protein is obtained by 
40 PCR using the prepared cDNA library as the template. 

[0090] A cDNA of the GDP-fucose transport protein can be obtained by screening the cDN A library using the obtained 
gene fragment as a probe. 

[0091] The mRNA of various host cells may be a commercially available product (e.g., manufactured by Clontech) 
or may be prepared from various host cells as follows. The method for preparing total mRNA from various host cells 
45 include the guanidine thiocyanate-cesium trifluoroacetate method [Methods in Enzymology, 154, 3 (1 987)], the acidic 
guanidine thiocyanate phenol chloroform (AGPC) method [Analytical Biochemistry, 162, 156 (1987); Experimental 
Medicine (Jikken Igaku), 9, 1937 (1 991)] and the like. 

[0092] Furthermore, a method for preparing mRNA as poly(A) + RNA from a total RNA includes the o I igo(oT) -immo- 
bilized cellulose column method (Molecular Cloning, Second Edition) 
so [0093] In addition, mRNA can be prepared using a kit such as Fast Track mRNA Isolation Kit (manufactured by 
Invftrogen) or Quick Prep mRNA Purification Kit (manufactured by Pharmacia). 

[0094] A cDNA library is prepared from the prepared mRNA of various host cells. The method for preparing cDNA 
libraries includes the methods described in Molecular Cloning, Second Edition; Current Protocols in Molecular Biology, 
and the like, or methods using commercially available kits such as Superscript Plasmid System for cDNA Synthesis 
55 and Plasmid Cloning (manufactured by Life Technologies) and ZAP-cDNA Synthesis Kit (manufactured by STRATA- 
GENE). 

[0095] As the cloning vector for preparing the cDNA library, any vector such as a phage vector or a plasmid vector 
can be used, so long as it is autonomously replicable in Escherichia coli K12. Examples include ZAP Express [manu- 
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factured by STRATAGENE, Strategies, 5, 58 (1992)], pBluescript II SK(+) [Nucleic Acids Research, 17 9494 (1989)], 
Lambda ZAP II (manufactured by STRATAGENE), \gt10and Xgt11 [DNA Cloning, A Practical Approach 1. 49 985 , 
VTriplEx (manufactured by Clontech), XExCell (manufactured by Pharmacia), pcD2 [Mol. Cell. Biol., 3, 280 (1983)]. 
pUC1 8 [Gene, 33, 103 (1985)] and the like. 

s [00961 Any microorganism can be used as the host microorganism for preparing the cDNA library, and Escherichia 
coins preferably used. Examples include Escherichia coli -Blue MRF [manufaclured by STRATAGENE, Strategies 
5 81 (1992)]. Escherichia coll C600 [Genetics, 39, 440 (1954)]. Escherichia coll Y1088 [Science, 222. 778 (1983) . 
Escherichia co//Y1090 [Science, 222, 778 (1983)], Escherichia co//NM522 [J. Mol. Biol., 166. 1 (1983)], Escherichia 
coli K802 [J. Mol. Biol., 16. 118 (1966)], Escherichia coli JM105 [Gene, 38. 275 (1985)] and the like 

10 [00971 The cDNA library can be used as such in the subsequent analysis, and in order to obtain a full length cDNA 
as efficient as possible by decreasing the ratio of an infull length cDNA, a cDNA library prepared according to the oligo 
cap method developed by Sugano et al. [Gene, 138. 171 (1994); Gene, 200, 149 (1997); Protein, Nuclei Acid Protein 
(Tanpakushitu, Kakusan, Koso), H, 603 (1 996); Experimental Medicine (Jikken Igaku), U, 2491 (1 993); cDNA C oning 
(Yodo-sha) (1 996); Methods for Preparing Gene Libraries (Yodo-sha) (1 994)] can be used in the following analysis 

is [0098] Based on the amino acid sequence of the GDP-fucose transport protein, degenerative primers specific for 
the 5'-terminal and 3'-terminal nucleotide sequences of a nucleotide sequence presumed to encode the amino acid 
sequence are prepared, and DNA is amplified by PCR [PCR Protocols, Academic Press (1990)] using the prepared 
cDNA library as the template to obtain a gene fragment encoding the GDP-fucose transport protein. 
[00991 It can be confirmed that the obtained gene fragment Is a DNA encoding the GDP-fucose transport protein by 

20 a method generally used for analyzing a nucleotide such as the dideoxy method of Sanger et al. \Proc. Natl Acad.Sci. 
USA, 74, 5463 (1 977)] or a nucleotide sequence analyzer such as ABIPRISM 377 DNA Sequencer (manufactured by 

roiOoT^A DNA encoding the GDP-fucose transport protein can be obtained by carrying out colony hybridization or 
plaque hybridization (Molecular Cloning, Second Edition) for the cDNA or cDNA library synthesized from the mRNA 

25 contained in various host cells, using the gene fragment as a DNA probe. 

[0101] Also a DNA encoding the GDP-fucose transport protein can also be obtained by carrying out screening by 
PCR using the cDNA or cDNA library synthesized from the mRNA contained In various host cells as the template and 
using the primers used for obtaining the gene fragment encoding the GDP-fucose transport protein. 
[01021 The nucleotide sequence of the obtained DNA encoding the GDP-fucose transport protein is analyzed from 

so its terminus and determined by a method generally used for analyzing a nucleotide such as the dideoxy method of 
Sanger etai. [Proc. Natl. Acad. Scl. USA, 74, 5463 (1977)J or a nucleotide sequence analyzer such as ABIPRISM 377 
DNA Sequencer (manufactured by PE Blosystems). 

[0103] A gene encoding the GDP-fucose transport protein can also be determined from genes In data bases by 
searching nucleotide sequence data bases such as GenBank. EMBL and DDBJ using a homology retrieving program 

as such as BLAST based on the determined cDNA nucleotide sequence. 

[01 04] The nucleotide sequence of a gene encoding the GDP-fucose transport protein obtained by the above method 
includes the nucleotide sequence represented by SEQ ID NO:1 , 3, 29 or 30. L ,, u ,,_ .... 

[01 05] The cDNA of the GDP-fucose transport protein can also be obtained by chemically synthesizing It with a DNA 
synthesizer such as DNA Synthesizer model 392 manufactured by Perkin Elmer using the phosphoamidite method, 

ao based on the determined DNA nucleotide sequence. 

[0106] As an example of the method for preparing a genomic DNA of the GDP-fucose transport protein, the method 

described below is exemplified. 
Preparation method of oenomic DNA : 

45 

[01071 The method for preparing genomic DNA includes known methods described in Molecular Cloning, Second 
Edition- Current Protocols in Molecular Biology, and the like, in addition, a genomic DNA of the GDP-fucose transport 
protein can also be isolated using a kit such as Genome DNA Library Screening System (manufactured by Genome 
Systems) or Universal GenomeWalker TW Kits (manufactured by CLONTECH). 
so [01 08] The following method can be exemplified as the method for selecting a transformant based on the activity of 
the GDP-fucose transport protein. 

Method for selecting transformant : 

55 [0109] The method for selecting a cell in which the activity of the GDP-fucose transport protein is decreased or 
deleted includes biochemical methods or genetic engineering techniques described in New Biochemical Experimen- 
tation Series 3-Saccharides /, Glycoprotein (Tokyo Kagaku Dojin), edited by Japanese Biochemical society (1988); 
Cell Engineering, Supplement, Experimental Protocol Series, Glycobiotogy Experimental Protocol, Glycoprotein, Gly- 
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, u w o f ^h^n ^h..iun sha^ edited bv Naoyuki Taniguchi, Akeml Suzuki, Kiyoshi Furukawa and Kazuyuki 
colipid and Proteoglycan ( Shu ^ h \™^ in Molecular Biology, and the like. The bio- 

of the aclivay of the GDP-f ucose lra™P°n ' nc ' u °J transformant based on the sugar structure of a glycoprotein 

of a produced ant using the sugar structure of an antibody- 

.on a cell m ^ ra ^.^l^ ,7^^ ibed In the Item 5 below. The method for selecting a transformant using the 
producing molecule ind udes met hod desc bed » tne« e recognizes a sugar chain 

sugar structure of a glycoprote n on « w-acetylglucosamine in the reducing end through «- 

C©// Mo/. Gem?r., 12, 51 (1 986). recoqnizes a sugar chain structure in which 

p,„, As the lectin ^^^^^ end through a-bond in the A,g.yco- 

1 -position of fucose is bound to 6-posi ion or £W0 agglutinin derived from Lens arf/naris), a 

an ^ r aa Ur a lectin ML 0^r^£^^ s"y culturing cells for 1 day to . wee k s. 
[0112] S ? TCtf ^* th ? h ^^^ 

sequent* «>^^ stained without using an expression vector, by 

S £^£X!£ wh,h te designed based on the nucleoude se.uence of 

KiTS2Ci«^^ rna and derivatlves of ,he o,iaonuc,eot,de <— re,erred 10 as "°" 

igonucleoilde derivatives"^ oligonucleotide derivatives in which a phosphodiester bond in the 

[0116] The o 1 ^"^ 8 ^.^^^^'.^^,, an oligonucleotide derivative in which a phosphodiester 
oligonucleotide is converted into a ^^^^^^ bon d, an oligonucleotide derivative In which 
bond in the o.igonuc ^^^S^^^St^ into a peptide 9 nucleic acid bond, an o.igonu- 
ribose and a phosphodiester bond In the JjBonuewow propynyluracil, an oligonucleotide de- 

cleotide derivative in which ureal .n he °'^ 

rivative in which uracil in the oligonucl -ot, d derivative in which cytosine 
cytosine in the oligonucleotide is substituted ^^^^^T^^ derivative in which ribose 

(b) Preparation of host cell of the present Invention by homologous recombination 
r01171 Thehostcellofthepresentinvent^^ 

[01 19] A genomic DNA of the GDP-fucose transport ^ te vec tor is prepared for homo.ogous recom- 

[0120] Based on the nucleotide sequence o ^ 
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in which homologous recombination occurred between the target gene and target vector. 

01221 As the host cell any cell such as yeast, an animal cell, an insect cell or a plant cell can be used, so long as 
!t nas a genfencodlng the GDP-fucose transport protein. Examples include the host cells described in the following 

5 Sj The method tor preparing a genomic DNA encoding the GDP-fucose transport protein Includes the methods 
described in "Preparation method or genomic DNA" in the item 1 (1 )(a) and the like. 

? 0 1 241 The large! vector for the homologous recombination of the target gene can be prepared in accordance with 
Sod^sS nl le Targeting. A Practical Approach, IRL Press at Oxford University Press (1 993); Prepay 
oZutant Mice using ES Cells; or the like. The target vector can be used as either a replacement type or an ,nsert,on 

10 ioi25J For introducing the target vector into various host cells, the methods for introducing recombinant vectors 
suitable for various host cells described in the following item 3 can be used 

[01 26] The method for efficiently selecting a homologous recombinant includes a method such ^ the 
ectton, promoter selection, negative selection or polyA selection described in GeneTargeUng A ^^ a '^^. h ' r 
« IRL Press at Oxford University Press (1 993); Preparation of Mutant Mice using ES Cells; or the like The method for 
lele* ZZ*l homologous recombinant of interest from the selected clones includes the Southern hybrids ^n method 
" gtom c DNA (Molecular Cloning. Second Edition), PGR [PCR Protocol, Academic Press (1 990)], and the like. 



(c) Preparation of host cell of the present invention by RDO method 

[0127] ThehostcellofthepresentinventioncanbepreparedbytargetingageneencodingtheGDP-fucosetransport 
protein according to an RDO (RNA-DNA oligonucleotide) method, for example, as follows. 
[01 281 A cDNA or a genomic DNA of the GDP-fucose transport protein is prepared 
r01 291 The nucleotide sequence of the prepared cDNA or genomic DNA is determined 

fo Based on the detelined DNA sequence, an RDO construct of an appropriate ^^f^£SSZ 
coding the GDP-fucose transport protein, a part of its non -translation reg,on or a part of an intron, ,s designed and 

roTflf The host cell of the present Invention can be obtained by introducing the synthesized RDO into a host cell 
and then sefecS a transformed in which a mutation occurred in the target GDP-fucose transport protein. 
[0132] As the host cell, any cel. such as yeast, an animal cel.. an insect cell or a plant cell can be used solong as 
it has a gene encoding the target GDP-fucose transport protein. Examples include the host ceiis descnbed in the 
following item 3^ ^ ^ ^ ^ ^ ^ ^ |mroduc|ng recomblnant 

x/firtors suitable for various host cells, described in the following item 3. „__,..« 
Jo'ST T^ e ^ 

aration method of cDNA" In the Item 1 (1 )(a) and the like. mat h«rf« in -Preo- 

[0135] ThemethodforpreparingagenomicDNAoftheGDP-fucosetransportproteinincludesthemethodsin Prep 

aration method of genomic DNA" described in the item 1(1 )(a) and the like. „,„ ma « = 
E£ The nucleotide sequence of the DNA can be determined by digeeting it with ap pro pnate «*Wton en^es 
cloning the fragments into a plasmid such as pB.uescript SK(-) (manufactured by MjO«»>. 
to the reaction generally used as e method for analyzing a nucleotide sequence such as the d.deoxy method of Sanger 
It ai *?pTI !T22S USA, 74, 5463 (1977)] or the like, and then analyzing the Cones using an automatic 
nucleotide sequence analyzer suchTs A.L.F. DNA Sequencer (manufactured by Pharmacia) or the like. 
[0137] The RDO can be prepared In the usual method or by using a DNA synthesizer. 

0138 The method for selecting a cell in which a mutation occurred, by introducing the RDO into the host cell, in the 
£neencod^ 

oene Sesc toed in Molecular Cloning, Second Edition. Current Protocols in Molecular Biology and the l.ke. 
mSn F^Z^lTeZtnoo described in the Kern 1 (1 )(a) for selecting a transformed through the evasion of 
SlacivityonheTn^ 

structure of a produced antibody molecule described in the following item 5 can also be used^ 
[JS The construct of the RDO can be designed in accordance with the methods <»^*f^j&™ 
1996 ; Nature Medicine, 4. 285 (1998); Hepatology, 25. 1462 (1997); Gene 

75 829 f1997V Proc NatLAcad Sci. USA, 96, 8774 (1999); Proc. Natl. Acad. Scl. USA. 96. 8768 (1999). Nuc. 
35 Was Z7 ;SS)iM Demato,., 1^1172 (1998); Nafure Biotech., 16. 1343 (1998): Nature Biotech., 18. 43 
(2000); Nature Biotech., 1JJ, 555 (2000); and the like. 
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(d) Preparation of host cell of the present Invention by RNAi method 

[01 41 ] The host cell of the present invention can be prepared by targeting a gene encoding the GDP-fucose transport 
protein according to the RNAi (RNA interference) method, for example, as follows. 
s [0142] A cDNA of the GDP-fucose transport protein is prepared. 

[0143] The nucleotide sequence of the prepared cDNA is determined. 

[0144] Based on the determined DNA sequence, an RNAi gene construct of an appropriate length comprising the 
DNA coding moiety encoding the GDP-fucose transport protein or a part of Its untranslated region; is designed. 
.[0145] In order to express the RNAi gene in a cell, a recombinant vector Is prepared by inserting a fragment or full 
10 length of the prepared DNA into downstream of the promoter of an appropriate expression vector. 

[0146] A transformant is obtained by introducing the recombinant vector into a host cell suitable for the expression 
vector. 

[0147] The host cell can be obtained by selecting a transformant based on the activity of the GDP-fucose transport 
protein, or the sugar chain structure of the produced antibody molecule or of a glycoprotein on the cell membrane. 
is [0148] As the host cell, any cell such as yeast, an animal cell, an Insect cell or a plant cell can be used, so long as 
it has a gene encoding the target of the produced antibody molecule. Examples include the host cells described in the 
following item 3. 

[0149] As the expression vector, a vector which is autonomously replicable in the host cell or can be integrated into 
the chromosome and comprises a promoter at such a position that the designed RNAi gene can be transferred is used. 
20 Examples include the expression vectors transcribed by polymerase III described in the following item 3. 

[0150] As the method for introducing a gene into various host cells, the methods for introducing recombinant vectors 
suitable for various host cells described in the following item 3 can be used. 

[0151] The method for selecting a transformant based on the activity of the of the produced antibody molecule or 
the method for selecting a transformant based on the sugar chain structure of a glycoprotein on the cell membrane as 
25 a marker includes the methods described in the item 1(1 )(a). The method for selecting a transformant based on the 
sugar chain structure of a produced antibody molecule includes the methods described in the following item 5. 
[01 52] The method for preparing cDNA of the GDP-fucose transport protein includes the methods described in "Prep- 
aration method of cDNA" in the item 1 (1 )(a) and the like. 

[0153] In addition, the host cell of the present invention can also be obtained without using an expression vector, by 
30 directly introducing an RNAi gene designed based on the nucleotide sequence of the GDP-fucose transport protein. 
[0154] The RNAi gene can be prepared in the usual method or by using a DNA synthesizer. 
[0155] The RNAi gene construct can be designed in accordance with the methods described In Nature, 391, 806 

(1998) ; Proc. Nail. Acad. Sci. USA, 95, 15502 (1 998); Nature, 395, 854 (1998); Proc. Natl, Acad. Sci. USA t 96, 5049 

(1999) ; Cell, 95, 1017 (1998); Proc. Natl Acad. Sci. USA, 96, 1451 (1999); Proc. Natl. Acad, Sci. USA 95 13959 
35 (1 998); Nature Cell Biol., 2, 70 (2000); and the like. — ' 

[0156] The RNA used in the RNAi method of the present invention includes RNA corresponding to DNA encoding 
the GDP-fucose transport protein or the like. Preferred examples include RNA corresponding to DNA encoding the 
above-described GDP-fucose transporter. 

[0157] The RNA used in the RNAi method of the present invention may be any double stranded RNA consisting of 
RNA and its complementary RNA and capable of decreasing the amount of mRNA of the GDP-fucose transport protein 
such as GDP-fucose transporter. Regarding the length of the RNA, the RNA is a continuous RNA of preferably 1 to 
30, more preferably 5 to 29, still more preferably 10 to 29, and most preferably 15 to 29. Examples include: 

(a) an RNA corresponding to DNA comprising the nucleotide sequence represented by 10 to 30 continuous nu- 
45 cleotldes in the nucleotide sequence represented by SEQ ID NO:1 ; 

(b) an RNA corresponding to DNA comprising the nucleotide sequence represented by 10 to 30 continuous nu- 
cleotides in the nucleotide sequence represented by SEQ ID NO:3; 

(c) an RNA corresponding to DNA comprising the nucleotide sequence represented by 10 to 30 continuous nu- 
cleotides In the nucleotide sequence represented by SEQ ID NO:29 and 

(d) an RNA corresponding to DNA comprising the nucleotide sequence represented by 10 to 30 continuous nu- 
cleotides in the nucleotide sequence represented by SEQ ID NO:30. Preferable examples include: 

(a) an RNA comprising the nucleotide sequence represented by SEQ ID NO:33; and 

(b) an RNA which comprises a nucleotide sequence in which one or a few nucleotides are deleted or added 
in the nucleotide sequence represented by SEQ ID NO:33 and has substantially the same RNAi activity as 
the RNA represented by SEQ ID NO:33. 

[01 58] The above RNA having substantially the same RNAi activity as the RNA represented by SEQ ID NO;33 may 
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be any RNA having RNAi activity to the GDP-fucose transport protein as the RNA represented by SEQ ID NO:33. and 
the Quantitative element such as the length of the RNA may be different. 

01 59] Tne nucleotide sequence in which one or a tew nucleotides are deleted or added means a nucleotide sequence 
n which on or a few nucleotides are deleted and/or added at both terminals of SEQ ID NO^ 
of me nucleotide sequence, the nucleotide sequence Is a continuous RNA of preferably 1 to 30, more preferably 5 to 
29 still more preferably 10 to 29. and most preferably 15 to 29. 

foi60 Furthermore.aDNAcorrespondinglotheRNAandils complementary DNA are within the scope of the present 
Int on a^d t T dnA corresponding to the RNA Includes a DNA comprising the nucleotide sequence represented 
by SEQ ID N 0: 16. Moreover, a recombinant DNA comprising a vector into the DNA and .ts complementary DNA are 
introduced and a transformed obtained by introducing the recombinant DNA into a cel. are a.so within the scope of 
the present invention, and can be used for expressing the double stranded RNA. 

(e) Preparation of host cell of the present invention by method using transposon 

[01 61] The host cell of the present Invention can be prepared by selecting a mutant based on the activity of the GDP- 
fucose transport protein or the sugar chain structure of a produced antibody molecule or of a giycoprotein on the cell 
membrane by using a transposon system described in Wafure Genet., 25. 35 (2000) or the like. 
Si 62] The transposon system is a system in which a mutation is induced by randomly inserting an ->WN"»£ 
nto chromosome, wherein an exogenous gene interposed between transposons is generaly 
Inducing a mutation, and a transposase expression vector for randomly inserting the gene into chromosome .s .ntro- 
duced into the cell at the same time. tiL j _ . . ttMA 

[0163] Any transposase can be used, so long as it is suitable for the sequence of the transpose^ to I eused. 

0164 As the exogenous gene, any genecan be used, so long as it can induce a mutation in the DNA of a host ce\l 

0165 As the hosicell, any cell such as yeast, an animal cel., an insect cell or a plant cell can be used so long as 
Kas a gene encod ng tne sVfucose transport protein. Examples include the host 

item 3. For introducing the gene into various host cells, the method for introduc.ng recombinant vectors suitable for 
various host cells described In the following Item 3 can be used. mQth „ M 
?0166] The method for selecting a mutant based on the activity of the GDP-fucose transport protein i or the ^method 
for se lectinq a mutant based on the sugar chain structure of a glycoprotein on the cell membrane includes the methods 
which ^£ d^da£» in the item 1 (1 )<a). The method for selecting a mutant based on the sugar chain structure 
of a produced antibody molecule includes the methods described In the following item 5. 

(2) Method for Introducing dominant negative mutant of the GDP-fucose transport protein 

[0167] The hostcellofthe present invention can be prepay 

protein according to a technique for introducing a dominant negative mutant of the protein. The GDP-fucose transport 
protein includes GDP-fucose transporter and the like. ^ 
foTee] It is known that a transporter of an intracellular sugar nucleotide functions in the form of a dimer on the mem- 
brane* endoplasmic reticulum'or the Golgi body [J. Bio,. Chem., 275, 1 771 8 (2000)]. Also, it is reportec the when 
a mutant of a transporter of an intracellular sugar nucleotide is compulsoriiy expressed in race Marty, >*Mr«dM 
is formed with a wiid type transporter, and the formed heterodimer has an activity to inhibit a wiW ^£omod mer 1/ 
Biol Chem 275 1 771 8 (2000)1. Accordingly, a mutant of a transporter of an .ntracellular sugar nucleotide is prepared 
toTceS so it it can function as a dominant negative mutant. The mutant can be prepared using 
the method for introducing site-directed mutagenesis described in Molecular Ctonmg, Second Edition, Current Proto- 

[ protein re.ating to transport of an intraceilular sugar nucleotide. GDP-fucose, to the Go Igr body and an 
N-terminal-deleted mutant in which 30 amino acids of the N-terminal are deleted m a protein relating <° transport o an 
rntrSlular sugar nucleotide. GDP-fucose, to the Golgi body. Specific examples include an N-terminal-deleted mutant 

so of the GDP-fucose transporter described in Example 1 . «,..«.ti,. m ,*,nt«iie 
[0170] The host cell of the present invention can be prepared by using the prepared ^^"^^'^^ 
of the target enzyme according to the method described in Molecular Cloning, Second Edition, Current Protocols ,n 
Molecular Biology. Manipulating the Mouse Embryo, Second Edition or the like, for example, as follows. 
[01 71] A dominant negative mutant gene of the GDP-fucose transport protein is prepared. annmnrIate 

55 [01 72] Based on the prepared full length DNA of dominant negative mutant gene, a DNA fragment of an appropriate 
length containing a part encoding the protein is prepared, if necessary. ^„.„„ etraQm «f the 

[0173] A recombinant vector is prepared by inserting the DNA fragment or full length DNA into downstream of the 
promoter of an appropriate expression vector. 
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[0174] A transformant is obtained by introducing the recombinant vector into a host cell suitable for the expression 

mrei The host cell can be prepared by selecting a transformant based on the actlvtty of the GDP-fucose transport 
proS oahe sugar chain structure of a produced antibody mo.ecule or of a glycoprotein on the cel. membrane as a 

[u17 6 T As the host cell, any cell such as yeast, an animal cell, an Insecl cell or a plant cell can be used so long as 
K nas a gene encoding the GDP-fucose transport protein. Examples include Ihe host cells described in Ihe fo.tow.ng 

XI™ As the expression vector, a vector which is autonomously replicable in the host cell or can be Integrated into 
Kl c^omoVol and comprises a promoter at a position where transcription of the DNA encoding I ^ dominant neg- 
etfve mXm of interest can be effected is used. Examples include the express.on vectors descnbed In the following 

[oTtS] For introducing the gene into various host cells, the method for introducing recombinant vectors suitable for 
various host cells described in the following item 3 can be used. m » th „ H 
SlTM The method for selecting a mutant based on the activity of the GDP-fucose transport pro em or the method 
o le lectmg 'a mutant based on the sugar chain structure of a glycoprotein on the cel. membrane includes the methods 
whloh S be described in the above fte m1(1)(a). The memod for selecting a mutant based on the sugarchain structure 
of a produced antibody molecule includes the methods described in the following item 5. 

20 (3) Method for introducing mutation into GDP-fucose transport protein 

101801 The host cell of the present invention can be prepared by Introducing a mutation into a gene encoding the 
KiSS protein and then selecting a done of interest in which the mutation occurred m the protein, 
m 81 1 Te gene 'encoding the GDP-fucose transport protein includes GDP-fucose transporter and the like. 
m 0 82 bSSZ include 1) a method in which a desired clone is selected from mutants obtained by a mutatlon- 
■ 1 :L r«!3nt of a oarent cell line with a mutagen or spontaneously generated mutants, based on the activity of 

nducEg "ea^entoJ a paLt ce line wfth a mutagen or spontaneously generated mutants based on the sugar chain 
Ltmcture of a produced antibody molecule, 3) a method in which a desired clone is selected from mutants obtained by 
a SSgTreatment of a parent cell line with a mutagen or spontaneousiy generated mutants, based on the 
suaar chain structure of a glycoprotein on the cell membrane, and the like. 

S?831 As L mutation-inducing treatment, any treatment can be used, so long as It can .nduce a point mu ation o 
PISLJm frame shm mutation in the DNA of cells of the parent cell line. Examples include treatment with ethyl 
„Hm^ 

=n P nt! and cardnoaens can be used as mutagens. The method for allowing a mutagen to act upon cells includes the 
^^^^rT^Tcu^ TkW 3rd edition (Asakura Shoten), edrted by Japanese Tissue Culture 

. S5 "TSS or the method 

os2ec7ngamu?am 

whteh wi! be described above in the ftem 1 (1)(a). The methodfor selecting a mutant based on the sugar cha,n structure 
of a produced antibody molecule includes the methods described in the following Item S. 

45 (4) Method for inhibiting transcription and/or translation of GDP-fucose transport protein 

r01861 The host cell of the present Invention can be prepared by targeting a gene encoding the GDP-fucose transport 
orofein ar^d inhibiting transcription and/or translation of the target gene according to a method such as the antisense 
ZTmT technique [Bioscience and Industry, SO, 322 (1992); Chemistry, 46, 681 l™****^*™ 
so £££ Trent toBioiechnology, 10, 87 (1992); Trends In Biotechnology, £152 (1992); Cell Engineermg, 16, 1463 
(1 997)] or the triple helix technique [Trends in Biotechnology, 10. 1 32 (1 992)]. 

2. Preparation of transgenic non-human animal or plant or the progenies thereof of the present invention 

55 101871 Thetransgenicnon-humananimalorplantorth^ 

gene te modified in such a manner that the adivity of a GDP-fucose transport protein can be controlled and can be 
prepared targeting a gene encoding the GDP-fucose transport protein according to a known method from an em- 
Knic stem eel a f ertiLd egg ce.. or a plant cell prepared by the method described in the above. 
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[01 88] A specific method is described below. 

[0189] In the case of a transgenic non-human animal, the embryonic stem cell of the present invention in which the 
activity of the GDP-f ucose transport protein is controlled can be prepared by the method described in the item 1 to an 
embryonic stem cell of the intended non-human animal such as cattle, sheep, goat, pig, horse, mouse, rat, fowl, monkey 
s or rabbit. 

[0190] As the embryonic siem cell, mentioned Is a mulanl clone in which a gene encoding the GDP-f ucose Lransporl 
protein is inaclivated or substituted with any sequence, by a known homologous recombination technique [e.g., Nature, 
326, 6110, 295 (1 987); Cell, 51_, 3, 503 (1987); etc.). Using the prepared stem cell (e.g., the mutant clone), a chimeric 
individual comprising an embryonic stem cell clone and a normal cell can be prepared by an injection chimera method 
10 into blastocyst of fertilized egg of an animal or by an aggregation chimera method. The chimeric individual is crossed 
with a normal individual, so that a transgenic non-human animal in which the activity of the GDP-fucose transport 
protein is decreased in all the cells in the body can be obtained. 

[0191] The target vector for the homologous recombination of the target gene can be prepared in accordance with 
a method described in Gene Targeting, A Practical Approach, IRL Press at Oxford University Press (1 993); Preparation 
15 of Mutant Mice using ES Cells or the like. The target vector can be used as any of a replacement type, an insertion 
type and a gene trap type. 

[0192] As the method for introducing the target vector into the embryonic stem cell, any method can be used, so 
long as it can introduce DNA into an animal cell. Examples include electroporation [Cytotechnology, 3, 133 (1990)], 
the calcium phosphate method (Japanese Published Unexamined Patent Application No. 227075/90), the lipofection 

20 method [Proc. Natl. Acad Sci. USA, 84. 7413 (1987)], the injection method \Manipulating Mouse Embryo, Second 
Edition], a method using particle gun (gene gun) (Japanese Patent No. 2606856, Japanese Patent No. 2517813), the 
DEAE-dextran method \eiomanuat Series 4-Gene Transfer and Expression Analysis (Yodo-sha), edited by Takashi 
Yokota and Kenichi Aral (1 994)], the virus vector method [Manipulating Mouse Embryo, Second Edition] and the like. 
[0193] The method for efficiently selecting a homologous recombinant includes a method such as the positive se- 

25 lection, promoter selection, negative selection or polyA selection described in Gene Targeting, A Practical Approach, 
IRL Press at Oxford University Press (1993); or the like. Specifically, in the case of the target vector containing hprt 
gene, positive selection which selects the homologous recombinant of the hprt gene can be carried out by introducing 
the target vector into the hprt gene-defected embryonic stem cell, culturing the embryonic stem cell in a medium con- 
taining aminopterin, hypoxanthine and thymidine, and selecting an aminopterin-resistant clone. In the case of the target 

30 vector containing a neomycin-resistant gene, positive selection which selects a homologous recombinant containing 
neomycin-resistant gene can be carried out by culturing the vector-introduced embryonic stem cell in a medium con- 
taining G418, and selecting a G41 8-resistant gene. In the case of the target vector containing DT gene, negative 
selection which selects a DT gene-free homologous recombinant clone can be carried out by culturing the vector- 
introduced embryonic sLem cell, and selecting the grown clone. (The recombinants in which DT gene is introduced into 

35 a chromosome at random other than the homogenous recombination cannot grow due to the toxicity of DT since the 
DT gene is expressed while integrated in the chromosome). The method for selecting the homogenous recombinant 
of interest among the selected clones include the Southern hybridization for genomic DNA {Molecular Cloning, Second 
Edition), PCR [PCR Protocols, Academic Press (1990)] and the like. 

[0194] When the embryonic stem cell is introduced into a fertilized egg by using an aggregation chimera method, in 
40 general, a fertilized egg at the development stage before 8-cell stage is preferably used. When the embryonic stem 
cell is introduced into a fertilized egg by using an injection chimera method, in general, it is preferred that a fertilized 
egg at the development stage from 8-cell stage to batstocyst stage is preferably used. 

[0195] When the fertilized egg is transplanted into a female mouse, it is preferred to artificially transplant or implant 
a fertilized egg obtained from a pseudopregnant female mouse in which fertility is induced by mating with a male non- 
45 human mammal which is subjected to vasoligation. Although the psuedopregnant female mouse can beobtained by 
natural mating, the pseudopregnant female mouse in which fertility is induced can also be obtained by mating with a 
male mouse after administration of a luteinizing hormone-releasing hormone (hereinafter referred to as THRH") or its 
analogue thereof. The analogue of LHRH includes [3,5-DH-Tyr5]-LHRH, [GlnSRHRH, fD-Ala6l-LHRH, des- 
Gly10-[D-His(Bzl)6]-LHRH ethylamide and the like. 
so [0196] Also, a fertilized egg cell of the present invention in which the activity of the GDP-fucose transport protein is 
decreased or deleted can be prepared by applying the method described in the item 1 to fertilized egg of a non-human 
animal of interest such as cattle, sheep, goat, pig, horse, mouse, rat, fowl, monkey, rabbit or the like. 
[0197] A transgenic non-human animal In which the activity of the GDP-fucose transport protein is decreased can 
be prepared by transplanting the prepared fertilized egg cell into the oviduct or uterus of a pseudopregnant female 
35 using the embryo transplantation method described in Manipulating Mouse Embryo, Second Edition or the like, followed 
by childbirth by the animal. 

[0198] In the case of a transgenic plant, the callus of the present invention in which the activity of the GDP-fucose 
transport protein is decreased or deleted can be prepared by applying the method described In the item 1 to a callus 
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or cell of the plant of interest, 

[01 99] A transgenic plant in which the activity of the GDP-fucose transport protein is decreased can be prepared by 
culturing the prepared callus in a medium comprising auxin and cytokinln to redifferentiate it in accordance with a 
known method {Tissue Culture (Soshiki Baiyo), 20 (1994); Tissue Cuttur (Soshiki Baiyo)e t 21 (1995)- Trends in Bio- 
technology, 15, 45 (1 997)]. _ 

3. Method for producing antibody composilion 

.[0200] The antibody composition can be obtained by expressing it in a host cell using the methods described in 
Moiecutar Cloning, Second Edition; Current Protocois in Molecular Biology; Antibodies, A Laboratory Manual, Cold 
Spring Harbor Laboratory, 1 988 (hereinafter sometimes referred to as "Antibodies"); Monoclonal Antibodies: Principles 
and Practice, Third Edition, Acad. Press, 1993 (hereinafter sometimes referred to as "Monoclonal Antibodies"); and 
Antibody Engineering, A Practical Approach, IRL Press at Oxford University Press (hereinafter sometimes referred to 
as "Antibody Engineering") , for example, as follows. 
[0201] A cDNA of an antibody molecule is prepared. 

[0202] Based on the prepared full length cDNA of an antibody molecule, a DNA fragment of an appropriate length 
comprising a moiety encoding the protein is prepared, if necessary. 

[0203] A recombinant vector is prepared by inserting the DNA fragment or the full length cDNA into downstream of 
the promoter of an appropriate expression vector, 

[0204] A transformant which produces the antibody molecule can be obtained by Introducing the recombinant vector 
Into a host cell suitable for the expression vector. 

[0205] As the host cell, any of yeast, an animal cell, an insect cell, a plant cell or the like can be used, so long as (t 
can express the gene of interest. An animal cell is preferred. 

[0206] A cell such as yeast, animal cell, insect cell, plant cell or the like into which an enzyme relating to the modi- 
fication of an /V-glycoside-lfnked sugar chain which binds to the Fc region of the antibody molecule is introduced by a 
genetic engineering technique can also be used as the host cell, 

[0207] The host cell used for the production of the antibody of the present invention includes a cell in which the 
activity of the GDP-fucose transport protein Is more deleted or decreased than its parent cell prepared in the above 1 
[0208] As the expression vector, a vector which is autonomously replicable in the host cell or can be integrated into 
the chromosome and comprises a promoter at such a position that the DNA encoding the antibody molecule of interest 
can be transferred is used. 

[0209] The cDNA can be prepared from a human or non-human tissue or cell using, e.g., a probe primer specific for 
the antibody molecule of Interest according to the methods described in "Preparation method of cDNA" in the item 1 
(1)(a). 

[0210] When a yeast is used as the host cell, the expression vector includes YEP13 (ATCC 37115) YEp24 (ATCC 
37051), YCp50(ATCC 37419) and the like. 

[0211] Any promoter can be used, so long as it can function in yeast. Examples include a promoter of a gene of the 
glycolytic pathway such as a hexose kinase gene, PHOS promoter, PGK promoter, GAP promoter, ADH promoter, gal 
1 promoter, gal 1 0 promoter, heat shock protein promoter, MP ct1 promoter, CUP 1 promoter and the like. 
[0212] The host cell includes microorganisms belonging to the genus Saccharomyces, the genus Schizosaccharo- 
myces, the genus Kluyveromyces, the genus Trichosporon, the genus Schwanniomyces and the like, such as Saccha- 
romyces cerevisiae, Schizosaccharomyces pombe t Kluyveromyces lactis, Trichosporon pullulans and Schwanniomy- 
ces alluvius. 

[0213] As the method for introducing the recombinant vector, any method can be used, so long as it can introduce 
DNA into yeast. Examples include electroporation [Methods in Enzymology, 194, 182 (1990)], spheroplast method 
[Proc. Natl. Acad Set. USA, 84, 1929 (1978)], lithium acetate method [J. Bacterid, 153, 163 (1983)), a method de- 
scribed in Proc. Natl. Acad Sci. USA, 75, 1 929 (1 978) and the like. 

[0214] When an animal cell is used as the host, the expression vector includes pcDNAI, pcDM8 (available from 
Funakoshi), pAGE107 [Japanese Published Unexamined Patent Application No. 22979/91; Cytotechnology, 3, 133 
(1990)], pAS3-3 (Japanese Published Unexamined Patent Application No. 227075/90), pCDM8 [Nature, 329, 840 
(1 987)), pcDNAl/Amp (manufactured by Invitrogen), pREP4 (manufactured by Invitrogen), pAGE1 03 [J Biochemistry 
101 , 1 307 (1 987)], pAGE21 0 and the like. " y% 

[0215] Any promoter can be used, so long as it can function In an animal cell. Examples include a promoter of IE 
(immediate early) gene of cytomegalovirus (CMV), an early promoter of SV40, a promoter of retrovirus, a promoter of 
metallothionein, a heat shock promoter, an SRcc promoter and the like. Also, an enhancer of the IE gene of human 
CMV may be used together with the promoter. 

[021 6] The host cell includes a human cell such as Namalwa cell, a monkey cell such as COS cell, a Chinese hamster 
cell such as CHO cell or HBT5637 (Japanese Published Unexamined Patent Application No. 299/88), a rat myeloma 
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cell, a mouse myeloma cell, a cell derived from syrian hamster kidney, an embryonic stem cell, a fertilized egg cell and 

mm' As the method for introducing the recombinant vector, any method can be used, so long as it can Introduce 
DNA into an animal cell. Examples include electroporation [Cytotechnology, 3, 133 (1990)]. the calcium phosphate 
5 memod (Japanese Published Unexamined Patent Application No. 227075/90), the llpofection "f^f™"*^**. 
Sd. USA, 84, 7413 (1987)], the injection method [Manipulating ft. Mouse Embryo, A Laborato^ 
usino particle qun (gene gun) (Japanese Palent No. 2606856, Japanese Patent No. 2517813), the DEAE-dexiran 

Arai (1994)], the virus vector method (Manipulating Mouse Embryo, Second Edition) and the > like ■ 
io [0218] When an insect ceil is used as the host, the protein can be expressed by the method de*cnbed m Cunvnt 
Protocols in Molecular Biology, Baculovlrus Expression Vectors, A Laboratory Manual, W.H. Freeman and Company, 
New York (1 992), Biotl Technology, 6, 47 (1 988) or the like. 

[0219] -mat is the protein can be expressed by co-introducing a recombinant gene-.ntrodudng vector and a bacu- 
[ovYrus into an Insect cell to obtain a recombinant virus in an insect cell culture supernatant and then mfectmg the insect 

15 ST t^HSj vector used in the method includes P VL1392, pVL1393. pB.ueBac... (all manufactured 

VmT^^^ii^ Autographa catitornica nuclear polyidrosis virus which is infected by an insect of 

^r'Th^Sce.. incudes SpoCoptera frvgiperda oocytes Sf9 and Sf21 ^'^.^-^^ 
BacuLlrus Expression Vectors, A Laboratory Manual, W.H. Freeman and Company. New York (1992)1, a Tnchoplusra 
n/'oocyte High 5 (manufactured by Invitrogen) and the like. .„ *„ r „„r>orinn 

S>223] The method for the co-introducing the recombinant gene-introducing vector and the bacuk>v,rus for prepanng 
the recombinant virus includes the calcium phosphate method (Japanese Published Unexamined Patent Application 
No 227075/90) the lipofection method [Proc. Natl. Acad. Sci. USA, 84, 741 3 ( 1 987)] and the llke^ 
P224] When a plan? cell is used as the host cell, the expression vector Includes Ti plasmid. tobacco mosa,c virus 

S 0 5 ] an As th thepmmoter, any promoter can be used, so long as it can function in a plant cell. Examples include 
cauliflower mosaic virus (CaMV) 35S promoter, rice actln 1 promoter and the like. 
30 [0226] The host cell includes plant cells of tobacco, potato, tomato, carrot, soybean, rape, alfalfa, nee. wheat, barley 

[02^ "E'th. method for introducing the recombinant vector, any method can be used L 80 .long J^""" 1 ^ 
DNA into a p.ant cell. Examples include a method using ****** m ^TTS^^SS^Z 
Application No. 140885/84, Japanese Published Unexamined Patent Apphcalion No. 70080/85. WO 94 00977) elec 
^operation (Japanese Published Unexamined Patent Application No. 251 887/85), a method using a particle gun (gene 
gun) (Japanese Patent No. 2606856, Japanese Patent No. 251 7B1 3) and the like. 

?0228] As the method for expressing an antibody gene, secretion production, express,™ ^^^^ 
tike can be carried out in accordance with the method described in Molecular Cloning, Second Edrt.on or the l.ke, in 

S2T ^rXr^Z^eo by yeast, an an.ma. cell, an insect eel, or a plant ceH Into which a gene relating to 
[he synthesis of a sugar chain is introduced, an antibody molecule to which a sugar or a sugar cha.n is added by the 

introduced qene can be obtained. 

[0230] An antibody composition can be obtained by culturing the obtained transformation a med mm £ P^uca and 
accumulate the antibody molecule In the culture and then recovering it from the ^"J^J^JJ^S the 
culturing the transformant in a medium can be carried out In accordance with a general method which is used for the 

SSlT AsSemedfum for culturing a transformant obtained using a eukaryote. such asyeast, as the host ^medium 
may be either a natural medium or a synthetic medium, so long as it comprises materia s such as a source a 

nitrogen source and an inorganic salt which can be assimilated by the organism and culturing of the transformant can 

fo^Sr^^eTarboJIsource. those which can be assimilated by the organism can be .used 
bohydrates such as glucose, fructose, sucrose, molasses containing them, starch and starch hydrolysate, organic 
acids such as acetic acid and propionic acid; alcohols such as ethanol and propanol; and the like. nm . lim 
[0233] The nitrogen source includes ammonia; ammonium salts of inorganic acid or organic acid such as ammonium 
35 chloride, ammonium sulfate, ammonium acetate and ammonium phosphate; other ^^^T^Z' 
peptone^ meat extract; yeast extract; corn steep liquor; casein hydrolysate; soybean meal; soybean meal hydrolysate, 
various fermented cells and hydrolysates thereof; and the like. „ Q „ 
P234] The inorganic material includes potassium dihydrogen phosphate, dipotassium hydrogen phosphate, mag- 
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nesium phosphate, magnesium sulfate, sodium chloride, ferrous sulfate, manganese sulfate, copper sulfate, calcium 
carbonate, and the like 

[0235] The culturing is carried out generally under aerobic conditions such as a shaking culture or submerged-aer- 
ation stirring culture. The culturing temperature is preferably 15 to 40°C, and the culturing time is generally 16 hours 
5 to 7 days. During the culturing, the pH Is maintained at 3.0 to 9.0. The pH Is adjusted using an inorganic or organic 
acid, an alkali solution, urea, calcium carbonate, ammonia or the like. 

[0236] If necessary, an antibiotic such as ampicillin or tetracycline may be added to the medium during the culluring. 
[0237] When a microorganism transformed with a recombinant vector obtained by using an inducible promoter as 
the promoter is cultured, an inducer may be added to the medium, if necessary. For example, when a microorganism 
10 transformed with a recombinant vector obtained by using /acpromoter is cultured, isopropyl-p-D-thiogalactopyranoside 
may be added to the medium, and when a microorganism transformed with a recombinant vector obtained by using 
trp promoter is cultured, Indoleacrylic acid may be added to the medium. 

[0238] When a transformant obtained by using an animal cell as the host is cultured, the medium includes generally 
used RPMI 1640 medium [The Journal of the American Medical Association, 199, 51 9 (1 967)], Eaglet MEM medium 
15 [Science, 122, 501 (1 952)] : Dulbecco's modified MEM medium [Virology, 8, 396 (1 959)], 1 99 medium [Proceeding of 
the Society for the Biological Medicine, 73, 1 (1 950)] and Whitten's medium [Developmental Engineering Experimen- 
tation Manual-Preparation of Transgenic Mice (Kodan-sha), edited by M. Katsuki (1 987)], the media to which fetal calf 
serum, etc. are added, and the like. 

[0239] The culturing is carried out generally at a pH of 6 to 8 and 30 to 40°C for 1 to 7 days in the presence of 5% 
20 C0 2 . Also, the culturing may be carried out for one day to several months according to a culturing method such as 
fed-batch culturing or hollo-fiber. 

[0240] If necessary, an antibiotic such as kanamycin or penicillin may be added to the medium during the culturing. 
[0241] The medium for culturing a transformant obtained by using an insect cell as the host Includes generally used 
TNM-FH medium (manufactured by Pharmingen), Sf-900 II SFM medium (manufactured by Life Technologies), ExCell 
25 400 and ExCell 405 (both manufactured by JRH Biosciences), Grace's Insect Medium [Nature, 195, 788 (1 962)] and 
the like. 

[0242] The culturing is carried out generally at a medium pH of 6 to 7 and 25 to 30°C for 1 to 5 days. 
[0243] Furthermore, antibiotics such as gentamicin may be added to the medium during the culturing, if necessary. 
[0244] A transformant obtained by using a plant cell as the host can be cultured as a cell or after differentiating it 
30 into a plant cell or organ. The medium for culturing the transformant includes generally used Murashige and Skoog 
(MS) medium and White medium, the media to which a plant hormone such as auxin or cytokinin is added, and the like. 
[0245] The culturing is carried out generally at a pH of 5 to 9 and 20 to 40°C for 3 to 60 days. 
[0246] Furthermore, If necessary, an antibiotic such as kanamycin or hygromycin may be added to the medium during 
the culturing. 

35 [0247] As discussed above, an antibody composition can be produced by culturing a transformant derived from yeast, 
an animal cell or a plant cell, which comprises a recombinant vector into which a DNA encoding an antibody molecule 
js inserted, in accordance with a general culturing method, to thereby produce and accumulate the antibody compo- 
sition, and then recovering the antibody composition from the culture. 

[0248] The method for producing an antibody composition includes a method of intracellular expression in a host 
40 cell, a method of extracellular secretion from a host cell, and a method of production on a host cell membrane outer 
envelope. The method can be selected by changing the host cell used or the structure of the antibody composition 
produced. 

[0249] When the antibody composition is produced In a host cell or on a host cell membrane outer envelope, it can 
be positively secreted extracellularly in accordance with the method of Paulson et al. [J. Biol. Chem., 264, 17619 
45 (1 989)], the method of Lowe et al. [Proc. Natl. Acad ScL USA, 86, 8227 (1 989), Genes Develop., 4, 1 288 (1 990)], the 
methods described in Japanese Published Unexamined Patent Application No. 336963/93 and Japanese Published 
Unexamined Patent Application No. 823021/94 and the like. 

[0250] That is, an antibody molecule of interest can be positively secreted extracellularly from a host cell by inserting 
a DNA encoding the antibody molecule and a DNA encoding a signal peptide suitable for the expression of the antibody 
so molecule Into an expression vector according to a gene recombination technique, introducing the expression vector 
into the host cell. 

[0251 ] Also, its production amount can be increased in accordance with the method described in Japanese Published 
Unexamined Patent Application No. 227075/90 according to a gene amplification system using a dihydrofolate reduct- 
ase gene. 

ss [0252] In addition, the antibody composition can also be produced by using a gene-introduced animal individual 
(transgenic non-human animal) or a plant individual (transgenic plant) which is constructed by the ^differentiation of 
an animal or plant cell into which the gene is introduced. 

[0253] When the transformant is an animal individual or a plant individual, an antibody composition can be produced 
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l„ abcontanee with a general method by reartng or eultlvattno It to thereby produe. Hand «b«m*». tha antibody nam. 

^TJESSTE&tSE?.. antibody oompbeltion banbeprod^d b, ^-J*" 
E alnl into whk* . DNA encoding an antibody mbtebol. la Introduced to .thereby ^"" d '~™^ £ 
Zbody cbmpcaltlon In *. animal, and than recovering tha antibody ""^"^l^d^IZ^^ 
animal ihere the comp.e»ion k produced and n* ^^^2-4 no 

- - • 

;rr:*ss»~i , - ^ a„d «. 

recovering the antibody composition from the plant. transformant into which a gene encoding 

axtmcr. wblob is babtrtto 9M to obtain a. upamataht, ^^^^^^ST,^ oxtrMlon: 
by sublectlng the eupematant to a general enzyme eolation and purmoaoon toeniaque. chroma- 
.Lg'dd, and deaahtng -«h m .wd.^0^ 

tography u.ing a ream aoch » ^^^l!Z«ISSd * Pharmacia); hydrophoblb ohromatography being a 

srirr.„,,body r p.a,,on, tr ^ 

ST SS^rTpSS^ nan £ buta*,d .mm ,h. — . 

SZ andlr °FoZ"h protein are deaoribed b.low In detail. but other an.lbbdy oompoe.,.™ can da. be ob.arned ,n 
a manner similar to the methods. 

A. Preparation of humanized antibody composition 

(1) Construction of vector for expression of humanized antibody expression 

[0262] A vector for expression humanized antibody is an expression vector for animal cell into whteh genes encoding 
CH and CU of a numan antibody are inserted, which can be constructed by cloning each of genes encod.ng CH and 
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a human antibody can be inserted thereinto and expressed therein. Examples include pAGE107 [Cytotechnology, 3, 
133 (1990)1 pAGE103 [J. Biochem., 101. 1307 (1987)], pHSG274 [Gene, 27, 223 (1984)], pKCR [Proc. Natl. Acad. 
Sci USA 78 1527 (1981), pSG1 £62-4 [Cytotechnology, 4, 173 (1990)] and the like. The promoter and enhancer in 
the expression vector for animal cell includes SV40 early promoter and enhancer [J. Biochem., 101, 1307 ( 1987 ))- 
s Moloney mouse leukemia virus LTR promoter [Biochem. Biophys. Res. Commun., 149, 960 (1 987)]. Immunoglobulin 
H chain promoter [Cell, 41 . 479 (1 985)] and enhancer [Cell, 33. 71 7 (1 983)], and the like. 

[0266] The vector for expression or humanized antibody may be either of a type In which genes encoding the H chain 
and L chain of an antibody exist on separate vectors or of a type in which both genes exist on the same vector (here- 
inafter referred to "tandem type"). In respect of easiness of construction of a vector for expression of humanized anti- 
io body easiness of introduction Into animal cells, and balance between the expression amounts of the H and L chains 
of an antibody in animal cells, a tandem type of the vector expression for humanized antibody is more preferred [J. 
Immunol. Methods, 167,271 (1994)]. 

[0267] The constructed vector for expression of humanized antibody can be used for expression of a human chimeric 
antibody and a human CDR-grafted antibody in animal cells. 

(2) Preparation method of cDNA encoding V region of non-human animal antibody 

[0268] cDNAs encoding VH and VL of a non-human animal antibody such as a mouse antibody can be obtained in 
the following manner. 

[0269] A cDNA is synthesized from mRNA extracted from a hybridoma cell which produces the mouse antibody of 
Interest The synthesized cDNA is cloned into a vector such as a phage or a plasmid to obtain a cDNA library. Each 
of a recombinant phage or recombinant plasmid comprising a cDNA encoding VH and a recombinant phage or recom- 
binant plasmid comprising a cDNA encoding VL is isolated from the library by using a C region part or a V region part 
of an existing mouse antibody as the probe. Full nucleotide sequences of VH and VL of the mouse antibody of Interest 
on the recombinant phage or recombinant plasmid are determined, and full length amino acid sequences of VH and 
VL are deduced from the nucleotide sequences. 

[0270] As the non-human animal, any animal such as mouse, rat, hamster or rabbit can be used, so long as a 
hybridoma cell can be produced therefrom. 

r0271] The method for preparing a total RNA from a hybridoma cell includes the guanidme thiocyanate-cesium trif- 
30 luoroacetate method [Methods in Enzymology. 154, 3 (1987)J and the like, and the method for preparing mRNA from 
total RNA includes an oligo(dT)-immobilized cellulose column method (Molecular Cloning, Second Edition) and the 
like. In addition, a kit for preparing mRNA from a hybridoma cell Includes Fast Track mRNA Isolation Kit (manufactured 
bv Invltrogen), Quick Prep mRNA Purification Kit (manufactured by Pharmacia). 

[0272] The method (or synthesizing a cDNA and preparing a cDNA library Includes the usual methods (Molecular 
35 Cloning Second Edition, Current Protocols in Molecular Biology, Supplement 1-34), methods using a commercially 
available kit such as Superscript™. Plasmid System for cDNA Synthesis and Plasmid Cloning (manufactured by GIB- 
CO BRL) or ZAP-cDNA Synthesis Kit (manufactured by Stratagene), and the like. 

[0273] In preparing the cDNA library, the vector into which a cDNA synthesized by using mRNA extracted from a 
hybridoma cell as the template is inserted may be any vector, so long as the cDNA can be inserted. Examples include 
40 ZAP Express [Strategies, 5, 58 (1 992)], pBluescript II SK( . ) [Nucleic Acids Research, 17, 9494 (1 989)], Xzapll (man- 
ufactured by Stratagene), Xgt10 and XgtH [DNA Cloning, A Practical Approach, I, 49 (1985)], Lambda BlueMid (man- 
ufactured by Clontech), XExCell, pT7T3 18U (manufactured by Pharmacia), pcD2 [Mol. Cell. Biol., 3, 280 (1983)], 
pUC18 [Gene, 33, 103 (1985)] and the like. 

[0274] As Escherichia coli into which the cDNA library constructed from a phage or plasmid vector is introduced, any 
45 Escherichia coli can be used, so long as the cDNA library can be introduced, expressed and maintained. Examples 
include XL1 -Blue MRP [Strategies, 5, 81 (1992)]. C600 [Genetics, 39, 440 (1954)1. Y1088 and Y1 090 [Science 222 
778 (1983)], NM522 [J. Mol. Biol., 166, 1 (1983)], K802 [J. Mol. Biol., 16, 118 (1966)], JM105 [Gene, 38. 275 (1985)] 

and the like. . 
[0275] As the method for selecting a cDNA clone encoding VH and VL of a non-human animal antibody from the 
so cDNA library a colony hybridization or a plaque hybridization using an isotope- or fluorescence-labeled probe can be 
used (Molecular Cloning, Second Edition). The cDNA encoding VH and VL can also be prepared by prepanng primers 
and carrying out polymerase chain reaction (hereinafter referred to as "PCR"; Molecular Cloning. Second Edition; 
Current Protocols in Molecular Biology, Supplement 1 -34) using a cDNA synthesized from mRNA or a cDNA library as 
the template. 

55 [0276] The nucleotide sequences of the cDNAs can be determined by digesting the selected cDNAs with appropriate 
restriction enzymes, cloning the fragments Into a plasmid such as pBluescript SK(-) (manufactured by Stratagene), 
carrying out the reaction of a generally used nucleotide sequence analyzing method such as the dideoxy method of 
Sanger etal [Proc Natl. Acad. Sci. , USA, 74. 5463 (1 977)]. and then analyzing the clones using an automatic nucleotide 



28 



BNSOOCID: <EP 16006S8A1J_> 



EP 1 500 698 A1 

seauence analyzer such as A.L.F. DNA Sequencer (manufactured by Pharmacia). Whether or not the obtained cDNAs 
encode the f Sgm amino acid sequences of VH and VL of the antibody comprising a secretory signal sequence 
aTbe ^eXeducing the fi length amino acid sequences o, VH and VI from the ™ = e 
sequence andcomparingthemwith the fulllength amino acid sequence^ 

of Proteins of Immunological Interest, US Dep. Health and Human Sendees (1991 ), hereinafter referred to as Se 
quences of Proteins of Immunological Interest']. 

(3) Analysis of amino acid sequence of V region of non-human animal antibody 

r0277l Regarding the full length amino acid sequences of VH and VL of the antibody comprising a secretory signal 
En« TZ 2h ot the secretory signal sequence and the N-terminal amino acid sequences can be deduced and 
subgroups to whteh they belong can also be found, by comparing them with the full length amino ac.d sequences of 
Vh an VL of known antibodies Quences of Proteins ot Immunologics, interest). In add ion. the amino add se- 
quences o, each CDR pf VH and VL can also be lound by comparing them with the ammo acid sequences of VH and 
VL of known antibodies (Sequences of Proteins of Immunological Interest). 

(4) Construction of human chimeric antibody expression vector 

[02781 A human chimeric antibody expression vector can be constructed by cloning cDNAs encoding VH and VL of 
L nonlhuman animal antibody into upstream of genes encoding CH and CL o [^S^^^SZ 
exoression of humanized antibody described In the item 3(1). For example, a human chimenc antibody expression 

Src^ 

DNA comprising nucleotide sequences at the 3'-terminals of VH and VL of a non-human an.mal antibody and nud some 
seTuanTs ^aTtneSenminals'of CH and CL of a human antibody and also having a ^^V^^ZS^ 
propriate restriction enzyme at both terminals, and by Coning them into upstream of genes ™ and CL of 

human antibody contained in the vector for expression of humanized antibody described ,n the item 3(1). 

(5) Construction of cDNA encoding V region of human CDR-grafted antibody 

f02791 cDNAs encoding VH and VL of a human CDR-grafted antibody can be obtained as follows. First ; aminc > acid 

(hereinafter referred to as "FR") of VH and VL of a ^^^^^^ 
VH and VL of a non-human animal antibody is selected. As the amino acid sequences ^ F n ^^ a 2^ 1 ' , h ™ 
antibody, any amino acid sequences can be used so long as they are derived from a human antlbo *• 

It is preferred to select an amino acid sequence having a homology as high as poss.ble (at least 60 k or more, witn 
<.rr,inn n^iri Qpoiipncfis of VH and VL of a non-human animal antibody of interest. 

SE^!?£^^»q£«« ° f cdrs of vH and VL of the non - human M antibody °L' n,ere are 

of VH and VL of the human CDR-grafted antibody. The designed amine .acid sequences ^^TlTse^rZs 

quences by considering the frequency of codon usage found in nucleotide sequences o antibody ^ & ^7yL ot 

It Proteins of immunological Interest), and the DNA sequences encoding the am m0 

the human CDR-grafted antibody are designed. Based on the designed DNA >W-»- * 

havino a lenoth of about 1 00 bases are synthesized, and PCR is carried out by using them. In this case, t is pre errea 

^ ^hJTJSL L chain ti!at 6 synthetic DNAs are designed in view of the reaction efficiency of PCR 

and the lengths of DNAs which can be synthesized. a „tih«H„ H« C ritaed in the item 3 

F0281 1 Also they can be easily cloned into the vector for expression of humanized antibody desenbed in the item J 
m» introduCrSogrTmon sequences of an appropriate restriction enzyme ^V^f^Swl 
DNA on both termina.s 9 Atter the PCR, the amplified product is cloned into a P^™**"* 'SSSSStSS *£> 
ufactured by Stratagene)andthenuc.eotide sequences 

a plasmid having DNA sequences encoding the amino acid sequences of VH and VL of the desired human 
grafted antibody. 

(6) Modification of amino acid sequence of V region of human CDR-grafted antibody 

T02821 It is known that when a human CDR-grafted antibody Is produced by simply grafting only CDRs in VH and 
vfofa nor t^ZaTS^ into FRs in VH and VL o, a human antibody, its antigen-binding actMty -s .ower 
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than that of the original non-human animal antibody [BIO/TECHNOLOGY, 9, 266 (1 991 )]. As he reason, it Is considered 
that several amino acid residues of Frs other than CDRs directly or indirectly relate to antigen-binding activity in VH 
and VL of the original non-human animal antibody, and that they are changed to different amino acid residues of FRs 
in VH and VL of a human antibody. In order to solve the problem, in human CDR-grafted antibodies, among the amino 
acid sequences of FRs in VH and VL of a human antibody, an amino acid residue which directly relates to binding o 
an antigen or an amino acid residue which indirectly relates to binding to an antigen by interacting with an ammo acid 
residue in CDR or by maintaining the three-dimensional structure of an antibody is identified and modified to an amino 
acid residue which is found in the original non-human animal antibody to thereby increase the antigen binding act.v.ty 
which has been decreased [BIO/TECHNOLOGY, 9, 266 (1991)]. 

r02831 In the preperation of a human CDR-grafted antibody, it is the most important to efficiently identify the ammo 
acid residues relating to the antigen binding activity in FR. For identifying the amino acid residues of FR relating to the 
antibody-antigen binding activity, the three-dimensional structure of an antibody is constructed, and analyzed by X-ray 
crystallography [J. Mol. Biod., 112, 535 (1977)], computer-modeling [Protein Engineering. 7, 1501 (1994)] or the like. 
Although the Information of thelhTee-dimenslonal structure of antibodies has been useful in the production of a human 
CDR-grafted antibody, method for producing a human CDR-grafted antibody which can be applied to all ant.bod.es 
has not been established yet. Therefore, various attempts must be currently be necessary, for example several mod- 
ified antibodies of each antibody are produced and the relationship between each of the modify antibodies and its 
antibody binding activity is examined. , 
[02841 The amino acid sequence of FRs in VH and VL of a human antibody can be modified by using a synthase 
DNA for modification according to PCR as described in the item 3(5). With regard to the amplified product obtained by 
the PCR^he nucleotide sequence is determined according to the method as described in the Item 3(2) so that whether 
the objective modification has been carried out is confirmed. 

(7) Construction of human CDR-grafted antibody expression vector 

r02851 A human CDR-grafted antibody expression vector can be constructed by cloning the cDNAs encoding VH 
and VL of the human CDR-grafted antibody constructed in the items 3(5) and (6) into upstream of the gene encoding 
CH and CL of a human antibody In the vector for expression of humanized antibody described In the .tern 3(1). For 
example, the human CDR-grafted antibody expression vector can be constructed by introducing recognizing sequences 
of r appropriate restriction enzyme Into the S'-terminals of both terminals of a synthetic DNA fragment^ among the 
synthetic DNA fragments which are used when PCR is carried out in the items 3(5) and (6) for constmcting VH and 
VL of the human CDR-grafted antibody, so that they are cloned into upstream of the genes encoding CH and CL of a 
human antibody in the vector for expression of humanized antibody described in the Item 3(1) In such a manner that 
they can be expressed in a suitable form. 

(8) Stable production of humanized antibody 

[0286] A transformant capable of stably producing a human chimeric antibody and a human CDR-grafted antibody 
both hereinafter referred to as "humanized antibody") can be obtained by introducing the humanized antibody expres- 
sion vector described In the items 3(4) and (7) into an appropriate animal cell. 

[0287] The method for introducing a humanized antibody expression vector into an animal cell Includes e ectropo- 
ration [Japanese Published Unexamined Patent Application No. 257891/90, Cytotechnology, 3, 133 (1990)] and the 
like 

[0288] As the animal cell into which a humanized antibody expression vector is Introduced, any cell can be used so 
long as it is an animal cell which can produce the humanized antibody. 

0289] Examples include mouse myeloma cells such as NS0 cell and SP2/0 cell. Chinese hamster ovary cells such 
as CHO/dhfr cell and CHO/DG44 cell, rat myeloma such as YB2/0 cell and IR983F cell. BHK cell denved from a synan 
hamster kidney, a human myeloma cell such as Namalwa cell, and the like, and a Chinese hamster ovary eel CHO/ 
DG44 cell a rat myeloma YB2/0 cell and the host cells of the present invention described in the item 1 are preferred. 
[0290] After Introduction of the humanized antibody expression vector, a transformant capable of stably producing 
he humanized antibody can be selected by using a medium for animal cell culture comprising an agent such as G41 8 
sulfate (hereinafter referred to as "G418"; manufactured by SIGMA) and the like in accordance wrth the method de- 
scribed in Japanese Published Unexamined Patent Application No. 257891/90. The medium to culture animal cells 
includes RPMI 1640 medium (manufactured by Nissui Pharmaceutical), GIT medium (manufactured by N hon Phar- 
maceutical) EX-CELL 302 medium (manufactured by JRH), IMDM medium (manufactured by GIBCO BRL), Hybnd- 
oma-SFM medium (manufactured by GIBCO BRL), media obtained by adding various additives such as fetal bovine 
serum (hereinafter referred to as "FBS") to these media, and the like. The humanized antibody can be produced and 
accumulated in the culture supernatant by cufturing the obtained transformant In a medium. The amount of production 
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and antigen binding activity of the humanized antibody in the culture supernatant can be measured by a ^method I such 
as enzyme-linked immunosorbent assay (hereinafter referred to as "ELISA"; Antibod.es Monodonal « 
the like Also, the amount of the humanized antibody produced by the transformant ca n be 

gene amplification system In accordance with the method described in Japanese PubHshed Unexamined Patent Ap 

ESST ?hVhuma 9 nSd antibody can be purified from a culture supernatant of the transformant by using , a protein A 
column (Annies. Monoclonal Antibodies), in addition, purification methods generally ^^lSSS£ 
proteins can also be used. For example, the purification can be carried out through the combination of gel filtration, 
Ton exchange chromatography and uftrafiitration. The molecu.ar weight of the H chain. L chain or antibody molecule 
asawholeofthe purified^ 

referred to as "SOS-PAGE"; Nature, 227, 680 (1970)], Western blotting {Antibodies, Monoclonal Antibodies) or the like. 



B. Preparation of Fc fusion protein 
is (1 ) Construction of Fc fusion protein expression vector 

[0292] A Fc fusion protein expression vector is an expression vector tor animal cell into which genes encoding the 
Fc region of a human antibody and a protein to be fused are inserted, which can be constructed by c oning j each of 
genes encoding the Fc region of a human antibody and the protein to be fused Into an ^^^^T^^ 
f0293] The Fc region of a human antibody includes those containing a part of a hinge reg.on anc ^CH1m add-on 
o rea ons containing CH2 and CH3 reqions. Also, it can be any Fc region so long as at least one am.no acid of CH2 
or oS^STSS^tm»0l. added or inserted, and substantially has the binding activity to the Fey receptor 
?02941 As me genes encoding the Fc region of a human antibody and the protein to be fused, a chromosomal DMA 
comp ising aTex'on anS an intron can be used, and a cDNA can also be used. The method for linking the genes and 
me S region includes PCR using each of the gene sequences as the template {Molecular Cloning, Second Edrtion; 
Current Protocols In Molecular Biology, Supplement 1-34). 

f02951 As the expression vector for animal cell, any vector can be used, so long as a gene encoding the C region of 
San anttoooy can be inserted thereinto and expressed therein. Examples include pAGE ^ ^ techno opy 3 
133 0990)1. PAGE103 [J. Biochem., 101, 1307 (1987)]. pHSG274 [Gene, 27, 223 (1984)], pKCR [Proc. "atl.Acad 
S USA, 78. 1527 (1981). P SG1 p ^[Cytotechnoiogy, 4, 173 (1990)] and the ^^^J^STSSS 
the expression vector for animal cell Include SV40 early promoter and enhancer [J. Btochen ., 121, 1307 (1987 ] 
Moloney mouse leukemia virus LTR promoter [Biochem. Biophys. Res. Commun.. 149. 960 (1987)]. immunoglobulin 
H chain promoter [Cell, 41 , 479 (1 985)] and enhancer [Cell, 33. 71 7 (1983)]. and the like. 

3! (2) Preparation of DNA encoding Fc region of human antibody and protein to be fused 

[0296] A DNA encoding the Fc region of a human antibody and the protein to be fused can be obtained in the following 

r0297i r ' A cDNA is synthesized from mRNA extracted from a cell or tissue which expresses the protein of Interest to 
40 Le fused withFc The synthesized cDNA is cloned into a vector such as a phage or a plasmid to obtair , a cDNA hbrajy 
A recombinant phage or recombinant plasmid comprising cDNA encoding the prote.n of interest is .solated from the 
Hbra^TyVsingthegene sequence part of theprotein of interest as theprobe.Aful.nucleotldesequenceoftheantibody 
of 3est on The recombinant phage or recombinant plasmid is determined, and a full length amino acd sequence ,s 

deduced from the nucleotide sequence. 

45 [0298] As the non-human animal, any animal such as mouse, rat. hamster or rabbit can be used so long as a cell or 

tissue can be removed therefrom. 

[0299] ThemethodforpreparingatotalRNAfromacello^ 

oacetate method [Methods In Enzymology, 154, 3 (1 987)1 and the like, and the method for preparing mRNA fro* total 
RNA includes an oligo (dT)-immobilized cellulose column method {Molecular Cloning, Second Edition) and the like. In 
50 addYtioT a krt for preparing mRNA from a cell or tissue Includes Fast Track mRNA Isolation Kit (manufactured by 
Invitrogen), Quick Prep mRNA Purification Kit (manufactured by Pharmacia) and the l.ke. 

0300] The method for synthesizing a cDNA and preparing a cDNA library includes the usual methods (MoleoMr 
Cloning, Second Edition; Current Protocols in Molecular Biology, Supplement 1-34); methods us.ng a commerciany 
available kit such as Superscript™. Plasmid System for cDNA Synthesis and Plasmid Cloning (manufactured by GIB- 
55 co BRL) or ZAP-cDNA Synthesis Kit (manufactured by Stratagene); and the like. ,^ ,,„ m a 

[0301] In preparing the cDNA library, the vector into which a cDNA synthesized by us.ng mRNA extracted from a ceH 
or tissue as'the'lemp.ate is inserted may be any vector so long as the cDNA can ^/^SSl^StiS^ 
Express [Strategies, 5, 58 (1992)], pBluescript II SK( + ) [Nucleic Acids Research, 17. 9494 (1989)]. Xzapll (manufac- 
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lured bv Strataqene) \gt10 and Xgt11 [DNA Cloning, A Practical Approach, 1, 49 (1985)], Lambda BlueMid (manufac- 
tured by SS^Xra!!: PT7T3 1 8U (manufactured by Pharmacia), pcD2 [Mol. Cell. Bio,., 3, 280 (1 983)], P UC18 
I Gene, 33, 103 (1985)] and the like. 

03021 ~As Escherichia co* into which the cDNA library constructed from a phage or plasmid vector is introduced, any 
Escherichia coll can be used, so long as the cDNA library can be Introduced, expressed and maintained. Examples 
Indude XL1-Blue MRF [Strategies, 5, 81 (1992)]. C600 [Genetics, 39, 440 (1954)]. Y1088 and Y1090 [Science 222 
(1983)], NM522 [J. Mol. Bio,., 166. 1 (1983)]. K802 [J. Mol. Bio,., 16, 118 (1966)]. JM105 [Gene, 38. 275 (1985)] 

SosT 'as' the method for selecting a cDNA clone encoding the protein of interest from the cDNA library, a colony 
hybridization or a plaque hybridization using an isotope- orfluorescence-labeled probe can be used {Molecular Cloning, 
Second Edition) The cDNA encoding the protein of interest can also be prepared by preparing primers and us.ng a 
cDNA synthesized from mRNA or a cDNA library as the template according to PCR. 

r03041 The method for fusing the protein of interest with the Fc region of a human antibody includes PCR. For ex- 
ample synthesized oligo DN As (primers) are designed at the 5'-temiinal and 3'-terminal of the gene sequence encoding 
the protein of interest, and PCR is carried out to prepare a PCR product. In the same manner, primers are designed 
forthe gene sequence encoding the Fc region of a human antibody to be fused to prepare a PCR product. At th.s t.me 
the primers are designed in such a manner thatthe same restriction enzyme site or the same gene sequence is present 
between the S'-terminal of the PCR product of the protein to be fused and the 5'-terminal of the PCR product of the Fc 
region. When it is necessary to modify the amino acids around the linked site, mutation is introd uced by using (the 
primer into which the mutation is introduced. PCR is further carried out by using the two kinds of the obtained PCR 
f ragments to link the genes. Also, they can be linked by carrying out ligation after treatment with the same reaction 

r0305i e ' The nucleotide sequence of the DNA can be determined by digesting the gene sequence linked by the above 
method with appropriate restriction enzymes, cloning the fragments into a plasmid such as pBluescript SK(-) (manu- 
factured by Stratagene). carrying out analysis by using a generally used nucleotide sequence analyzing method such 
as the dideoxy method of Sanger et a,. [Proc. Nat,. Acad. Sci. USA, 7±. 5463 (1977)] or an automate nucleotide 
sequence analyzer such as A.L.F. DNA Sequencer (manufactured by Pharmacia). 

[0306] Whether or not the obtained cDNA encodes the full length amino acd sequences of the Fc fusion protein 
containing a secretory signal sequence can be confirmed by deducing the full length amino acid sequence of the Fc 
fusion protein from the determined nucleotide sequence and comparing it with the amino acid sequence of interest. 

(3) Stable production of Fc fusion protein 

[0307] A transformanl capable or stably producing an Fc fusion proleln can be obtained by inlroducing the Fc Tusion 
35 protein expression vector described in the item (1) into an appropriate animal cell. _ ^ _ 

[03081 The method for introducing the Fc fusion protein expression vector .nto an animal cell include electroporatlon 
Japanese Published Unexamined Patent Application No. 257891/90, Cytotechnology, 3. 133 (1990)] and the like. 
[0309] As the animal cell into which the Fc fusion protein expression vector is introduced, any cell can be used, so 
lonq as it is an animal cell which can produce the Fc fusion protein. 
40 [0310] Examples include mouse myeloma cells such as NS0 cell and SP2/0 cell, Chinese hamster ovary cells such 
as CHO/dhfr cell and CHO/DG44 cell, rat myeloma such as YB2/0 cell and IR983F cell, BHK cell derived from a Syrian 
hamster kidney, a human myeloma cell such as Namalwa cell, and the like, and preferred are a Chinese hamster ovary 
cell CHO/DG44 cell, a rat myeloma YB2/0 cell and the host cells used in the method of the present invention described 

« [031 1 l^Afier introduction of the Fc fusion protein expression vector, a transf ormant capable of stably producing the 
Fc fusion protein expression vector can be selected by using a medium for animal cell culture comprising an agent 
such as G418 and the like in accordance with the method described in Japanese Published Unexamined Patent Ap- 
plication No 257891/90. The medium to culture animal cells includes RPM1 1640 medium (manufactured by Nissu. 
Pharmaceutical). GIT medium (manufactured by Nihon Pharmaceutteal), EX-CELL 302 medium (manufactured by 

so JRH), IMDM medium (manufactured by GIBCO BRL), Hybrldoma-SFM medium (manufactured by GIBCO BRL), media 
obtained by adding various additives such as fetal bovine serum to these media, and the like. The Fc fusion protein 
can be produced and accumulated in the culture supernatant by culturing the obtained transformanl in a medium. The 
amount of production and antigen binding activity of the Fc fusion protein in the culture supernatant can be measured 
by a method such as ELISA. Also, the amount of the Fc fusion protein produced by the transformanl can be increased 

55 by using a dhfrgene amplification system in accordance with the method described in Japanese Published Unexamined 
Patent Application No. 257891/90. 

[03121 The Fc fusion protein can be purified from a culture supernatant culturing the transformanl by using a protein 
A column or a protein G column (Antibodies, Chapter 8; Monoclonal Antibodies). In addition, purification methods 
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generally used for the purification of proteins can also be used. For example, the PJ*^^^^^^ 
the combination of a gel filtration, an ion exchange chromatography and ar , ultraf «n*oa The m*"^^^ 
whole of the purified Fc fusion protein molecule can be measured by SDS-PAGE [Nature, 227, 680 (1970)], Western 
blottina (Antibodies, Chapter 12, Monoclonal Antibodies) or the like. 

S Thus, methods tor producing an antibody composition using an animal cel. "*°™^°^o'r 
scribed, but, as described above, it can also be produced by yeasl. an inseci cell, a plant cell, an animal individual or 
a Dlant individual by the same methods on the animal cell. „,«,_-,,♦ 
ID? 1 4 When ItJhost cell is capable of preparing the antibody mo.ecu.e, the antibody comports of the present 
nvention can be prepared by culturing the cell capable of expressing an antibody molecule according to the method 
described in the above item 1 , culturing the cell, and recovering the antibody compos.t.on of interest. 

4. Activity evaluation of antibody composition 

[0315] Asthemethodformeasuringtheamountofthepurifiedantibodycompo^ 

and the effector function of the purified antibody composition, the known method descnbed In Monoclone, AnUbod.es, 

^S^"S.?r^Co-don is a humanfced antibody, the binding activtty with an antigen 
£2. bnlg a^ with an antigen-p'osiJ cultured Cone can be measured by methods such as WSA jjd an 
fmmunofluorescent method [Cancer Immunol. Immunother.. 36, 373 (1993)]. The cytotox.c activity against an anUoan- 
^ZSSSS^ be evaluated by measuring CDC activity. ADCC activity fencer Immunol, tmmunother., 

model of animal species relatively close to human, such as Macaca fascicular*. 
25 5. Analysis of sugar chains of antibody composition 

roaiai The suaar chain structure binding to an antibody molecule expressed in various cells can be analyzed in 
afco anle wXgenL^ 

is bound to IqG molecule comprises a neutral sugar such as galactose, mannose. fucose. an amino sugar such as N 
^u^amlne anS an aciSic sugar such as sialic acid, and can be analyzed by a method sue as a sugar chain 
structure analysis using sugar composition analysis, two dimensional sugar chain mapping or the like. 

(1) Analysis of neutral sugar and amino sugar compositions 

[03191 The sugar chain composition binding to an antibody molecule can be analyzed by carrying out acid hydrolysis 
of sugar chains with trifluoroaSetic acid or the .Ike to release a neutral sugar or an amino sugar and measunng the 

SrSamp^s include a method using a sugar composition analyzer (BioLC) manufactured by Dionex. The BioLC 
Iran apparatus which analyzes a sugar composttion by HPAEC-PAD (high performance anlon-exchange chromatog- 
40 raDhv-pulsed amperometric detection) [J. L/q. Chromafosf-, §, 1577(1983)]. 

K The composition ratio can ateo be analyzed by a fluorescence labeling method using 2-am.nopy 
cificaly.thecomposftionratiocan be calculated in accordance withaknown ^Jfgj£?^ 
(1991)] by labeling an acid-hydrolyzed sample with a fluorescence with 2-aminopyndylat.on and then analyzing the 
composition by HPLC. 

4$ 

(2) Analysis of sugar chain structure 

[0322] The sugar chain structure binding to an antibody molecule can be analyzed by the two ^nstonaj sugar 
chain maoolna method \Anal Biochem., 171. 73(1988), Biochemical Experimentation Methods 23 ■ Methods to Stud- 
so iT<^^ 

sional sugar chain mapping method is a method for deducing a sugar chain structure by, e.g plott tog * pretention 

Le or efution position of a sugar chain by reverse phase chromatography as the X axis and 

elution position of the sugar chain by normal phase chromatography as the Y axis, respectively, and comparing them 

55 roiTipi^ 

efeased sugar chain is subjected to fluorescence labeling with 2-aminopyridine (hereinafter referred to as ; PA (J. 
S e m.,9l,197(1984)].andthenthesugarchainsaresepamtedfmm an excess P 

an?subjected to reverse phase chromatography. Thereafter, each peak of the separated sugar chains are 8 ub]ected 
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to normal phase chromatography. The sugar chain structure can be deduced by plotting the results on a two dimensional 
sugar chain map and comparing them with the spots of a sugar chain standard (manufactured by Takara Shuzo) or a 
literature [Anal. Biochem., 171, 73 (1988)). 

[0324] The structure deduced by the two dimensional sugar chain mapping method can be confirmed by further 
5 carrying out mass spectrometry such as MALDI-TOF-MS of each sugar chain. 

6. Application of antibody composition obtained in the present invention 

[0325] The antibody composition obtained in the present invention has high ADCC activity. An antibody having high 
10 ADCC activity is useful for preventing and treating various diseases including cancers, inflammatory diseases, immune 
diseases such as autoimmune diseases and allergies, cardiovascular diseases and viral or bacterial infections. 
[0326] In the case of cancers, namely malignant tumors, cancer cells grow. General anti-tumor agents inhibit the 
growth of cancer cells. In contrast, an antibody having high antibody-dependent cell-mediated cytotoxic activity can 
treat cancers by injuring cancer cells through Its cell killing effect, and therefore, it is more effective as a therapeutic 
13 agent than the general anti-tumor agents. At present, in the therapeutic agent for cancers, an anti-tumor effect of an 
antibody medicament alone is insufficient, so that combination therapy with chemotherapy has been carried out [Sci- 
ence, 280, 1 1 97 (1 998)), If higher anti-tumor effect is found by the antibody composition of the present Invention alone, 
the dependency on chemotherapy will be decreased and side effects will be reduced. 

[0327] In immune diseases such as inflammatory diseases, autoimmune diseases and allergies, In vivo reactions of 
20 the diseases are induced by the release of a mediator molecule by immunocytes, so that the allergy reaction can be 
inhibited by eliminating immunocytes using an antibody having high ADCC activity. 

[0328] The cardiovascular diseases include arteriosclerosis and the like. The arteriosclerosis is treated by using 
balloon catheter at present, but cardiovascular diseases can be prevented and treated by inhibiting growth of arterial 
cells in restricture after treatment by using an antibody having high ADCC activity. 
25 [0329] Various diseases including viral and bacterial infections can be prevented and treated by inhibiting proliferation 
of cells Infected with a virus or bacterium using an antibody having high antibody-dependent cell-mediated cytotoxic 
activity. 

[0330] An antibody which recognizes a tumor-related antigen, an antibody which recognizes an allergy- or Inflam- 
mation-related antigen, an antibody which recognizes cardiovascular disease-related antigen and an antibody which 

so recognizes a viral or bacterial infection-related antigen are described below, 

[0331] The antibody which recognizes a tumor-related antigen includes anti-GD2 antibody [Anticancer Res., 13, 
331-336 (1993)], anti-GD3 antibody [Cancer Immunol. Immunother.,36, 260-266 (1993)], anti-GM2 antibody [Cancer 
Res., 54, 1511-1516 (1994)), anti-HER2 antibody [Proc. Natl. Acad. Set. USA, 89, 4285-4289 (1992)], antl-CD52 an- 
tibody [Nature, 332, 323-327 (1 988)), anti-MAGE antibody [British J. Cancer, 83, 493-497 (2000)], anli-HM1 .24 antibody 

35 [Molecular Immunol., 36, 387-395 (1999)], anti-parathyroid hormone-related protein (PTHrP) antibody [Cancer, 88, 
2909-2911 (2000)], anti-FGF8 antibody [Proc. Natl. AcadScL USA, 86, 9911-9915 (1989)], anti-basic fibroblast growth 
factor antibody and anti-FGF8 receptor antibody [J. Biol. Chem., 265, 16455-16463 (1990)], anti-insulin-like growth 
factor antibody [J, Neurosci. Res., 40, 647-659 (1995)], anti-insulin-like growth factor receptor antibody [J, NeuroscL 
Res., 40, 647-659 (1995)], anti-PMSA antibody [J. Urology, 160, 2396-2401 (1998)], anti-vascular endothelial cell 

40 growth factor antibody [Cancer Res., 57, 4593-4599 (1 997)], anti-vascular endothelial cell growth factor receptor an- 
tibody [Oncogene, 19, 2138-2146 (2000)] and the like. 

[0332] The antibody which recognizes an allergy- or Inflammation-related antigen Includes anti-lnterleukin 6 antibody 
[Immunol. Rev., 127, 5-24 (1992)], anti-interieukin 6 receptor antibody [Molecular Immunol., 3±, 371 -381 (1 994)], anti- 
lnterleukin 5 antibody [Immunol. Rev., 127, 5-24 (1992)], anti-interieukin 5 receptor antibody and anti-interieukin 4 

45 antibody [Cytokine, 3, 562-567 (1 991 )], anti-interieukin 4 antibody [J. Immunol. Meth., 2T7, 41 -50 (1 991 )], anti-tumor 
necrosis factor antibody [Hybridoma, 13, 1 83-1 90 (1 994)] , anti-tumor necrosis factor receptor antibody [Molecular Phar- 
macol., 58, 237-245 (2000)], anti-CCR4 antibody [Nature, 400, 776-780 (1 999)], anti-chemokine antibody [J. Immuno. 
Meth., 174, 249-257 (1994)], anti-chemoklne receptor antibody [J. Exp. Med., 186, 1373-1381 (1997)] and the like, 
[0333] The antibody which recognizes a cardiovascular disease-related antigen include anti-Gpllb/llla antibody [J. 

so Immunol. t 1 52, 2968-2976 (1994)], anti-platelet-derlved growth factor antibody [Science, 253, 1129-1132 (1 991)], anti- 
platelet-derived growth factor receptor antibody [J. Biol. Chem., 272, 1 7400-1 7404 (1 997)] and anti-blood coagulation 
factor antibody [Circulation, 101, 1158-1164 (2000)] and the like. 

[0334] The antibody which recognizes an antigen relating to autoimmune diseases includes an antl-auto-DNA anti- 
body [Immunol. Letters, 72, 61-68 (2000)] and the like. 
55 [0335] The antibody which recognizes a viral or bacterial infection-related antigen includes anti-gp120 antibody 
[Structure, 8, 385-395 (2000)], anti-CD4 antibody [J. Rheumatology, 25, 2065-2076 (1998)], anti-CCR4 antibody and 
anti-Vero toxin antibody [J. Clin. Microbiol., 37, 396-399 (1999)] and the like, 

[0336] These antibodies can be obtained from public organizations such as ATCC (The American Type Culture Col- 
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2J£ fl^ElU .dmi„w™«on. such „ buccal. MM «M. rt-«-*r .nd » 

sorption of the antibody composition by dispersing it ^as tin. P«tWej- _ roperties of the antibody composition 

ST The present invention will be described below in detail based on Examples; however. Examples are oniy 
45 simple illustrations, and the scope of the present invention is not limited thereto. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0352] 



of 490 nm and the concentration of the anti-CCR4 chimertc antibodies, respectively, i . and ■ show antigen 

b ndina activities of CHO/GDPftA30-CCR4 antibody and CHO/pcDNA-CCR4 antibody, respectively. 

Binding aciivmes of . ADCC tj jtv bv changing antibody concentrations of anti-CCR4 
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solution, respectively. "A" and "f show activities of CHO/GDPftA30-CCR4 antibody and CHO/pcDNA-CCR4 an- 
tibody, respectively. 

Fig. 3 shows elution patterns of PA-treated sugar chains prepared from anti-CCR4 chimeric antibodies produced 

by clone CHO/GDPftA30-CCR4 and clone CHO/pcDNA-CCR4 obtained by reverse HPLC analysis. The ordinate 
5 and the abscissa show the fluorescence intensity and the elution time, respectively. 

Fig. 4 shows nucleotide sequences of the untranslated region and the adjacent translation region of a Chinese 

hamster GDP-fucose transporter. The primer regions designed for obtaining a full length cDNA are shown by 

underlines. Amino acid sequences deduced from the nucleotide sequences are shown in the lower part of the 

nucleotide sequence in the translation region. 
10 Fig. 5 shows construction steps of plasmid U6_pre_sense. 

Fig. 6 shows construction steps of plasmid pBS_Bglll. 

Fig. 7 shows construction steps of plasmid U6_pre_antisense. 

Fig. 8 shows construction steps of plasmid U6_sense JH. 

Fig. 9 shows construction steps of plasmid U6_antisenseJH. 
15 Fig. 10 shows construction steps of plasmid U6_GFT_H. 

Fig. 11 shows construction steps of plasmid U6_GFT_H_puro. 

Fig. 12 is a photograph showing the expression amount of p-actin and GDP-fucose transporter by siRNA expres- 
sion. 

20 Example 1 

Preparation of cell expressing GDP-fucose transporter dominant negative mutant and evaluation of produced antibody: 
(1) Isolation of gene encoding human GDP-fucose transporter 

25 

[0353] Using the human GDP-fucose transporter mRNA sequence reported in Nature Genetics [Nature Genetics, 8, 
73 (2001)], a primer set [GDPfT-Fw primer (SEQ ID NO:5) and GDPfT-Rv primer (SEQ ID NO:6)] were designed for 
amplifying a full length of an open readingframe (hereinafter referred to as "ORF") of the human GDP-fucose transporter 
mRNA sequence to synthesize a DNA. 

30 [0354] A PCR solution was prepared by adding 2.5 u.l of human fetal brain-derived Marathon- Ready-cDN A (manu- 
factured by Clontech), 5 uJ of 20 mM deoxyribonucleotldes mixed solution (manufactured by TOYOBO), 5 uJ of 10x 
PCR buffer (manufactured by Clontech), 4 |±l of GDPfT-Fw primer (equivalent to 20 pmol), 4 uJ of GDPfT-Rv primer 
(equivalent to 20 pmol), 1 uJ of Advantage DNA Polymerase (manufactured by Clontech) and 28.5 uJ of sterile distilled 
water (manufactured by Invilrogen) into a 500 uJ capacity micro-centrifugalion lube (manufactured by Eppendorf). After 

35 the reaction solution was thoroughly mixed, 30 jxl of mineral oil (manufactured by Sigma) was overlaid, and then, using 
Thermal Cycler 480 (manufactured by Perkin Elmer), the PCR was carried out by heating at 94°C for 2 minutes, 30 
cycles of a reaction at 94°C for 30 seconds and at 64°C for 3 minutes as one cycle, and finally heating at 72 d C for 3 
minutes. From the reaction solution, 5 uJ was taken out and subjected to agarose gel electrophoresis to confirm am- 
plification of a DNA having a full length of about 1.1 kbp specific for the primers. 

40 [0355] Next, 4 §xl of the PCR solution, 1 |xl of TopoTA cloning vector (manufactured by Invitrogen) and 1 uJ of Salt 
Solution (manufactured by Invitrogen) were mixed in a 500 jil capacity micro-centrifugation tube (manufactured by 
Eppendorf) and allowed to stand at room temperature for 15 minutes. From the reaction solution, 1 uJ was taken out, 
mixed with 50 uJ of Escherichia coli XL-1 Blue Competent Cell (manufactured by Stratagene), allowed to stand on Ice 
for 15 minutes, and then heated in a water bath at 42°C for 45 seconds to transform Escherichia coiiby heat shock. 

45 The Escherichia coli after transformation was suspended in LB medium (manufactured by DIFCO) and then inoculated 
on LB agar plate supplemented with 50 u.g/ml ampicillin (manufactured by Wako Pure Chemical Industries). The plate 
was incubated at 37°C overnight to obtain a single colony of the transformant on the LB agar. The obtained single 
colony was peeled off with a sterilized toothpick and cultured overnight in 50 ml of LB medium supplemented with 50 
u,g/ml ampicillin (manufactured by Wako Pure Chemical Industries) at 37°C and 150 rpm (reciprocal shaking). The 

50 obtained culture broth was dispensed into centrifugation tubes (manufactured by Becton Dickinson), centrrfuged at 
8,000 rpm for 15 minutes at 4°C and then the supernatant was discarded to obtain cells of the Escherichia coli A 
plasmid DNA was purified from the thus obtained cells by using Qiaprep Midi Plasmid DNA Purification Kit (manufac- 
tured by QIAGEN) according to the manufacture's instructions attached to the kit, Afterconfirming purity of the extracted 
plasmid DNA by agarose gel electrophoresis, Its concentration was calculated by measuring the absorbance at a 

55 wavelength of 260 nm with a spectrophotometer (manufactured by Shlmadzu). The recombinant DNA sequence of 1 .1 
kbp was decoded by using a DNA sequencer 377A (manufactured by Shimadzu), it was confirmed that the sequence 
is a full length ORF of a GDP-fucose transporter. The nucleotide sequence of the sequenced human GDP-fucose 
transporter cDNA is represented by SEQ ID NO:3, and the amino acid sequence of the human GDP-fucose transporter 
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^-»«f«H k» <;fo ID NO-4 The obtained plasmid DNA was named pCR/ 
based on the nucleotide sequence Is represented by SEQ ID no.*, i ne ooi*. w 

hGDPfT. 

(2 ) Construction of N-termina.-de.eted mutant of human GDP-fucose transporter and expression vector thereof 
[0356] ApdmerseUGDPt^O-Fw^^^ 

for amplification or a cDNA sequence in whtch 30 amino HindW sAe for introduction 

DNA. Also, the GDPfTA30-Fw primer was designed ^ 

to an expression plasmid for animal cell P' 0 ™ 3 - 1 ^ 
provingKo 2 aksequence(CCGCC)ar*at^ 

of a DNA sequence encoding an ammo acd res due at P^" on ®^ , ^[J^ |ofl ^.^yme site for introduction 

103571 A,so ' ,he r 6 S^ ,igated to the outsid : at 

[0 358] A PCR solution was prepared by add ling 10 ng oHhe ^JJ^g^^^^Jcto^ch,. 
deoxyribonucleotides-mixed solution (manufactured by T °J°BO^ 5,d of 1 (epuiva ent to 20 pmol). 1 M-l of KOD 

4 ni of GDPfTA30-Fw primer (equivalent to 20 pmol) 4 m f f DF ^ 3 ° SSLu«d by Invttrogen) into a 
DNA Polymerase (manufactured by Contech) and 28 .5 ^ Jj^^^^oo^Ioon was thoroughly mixed. 
500 nl capacity micro-centrifugation tube (manufactured b ^Eppendorf). The rea *on otut.o (manu f actured by 
30 J of mineral oil (manufactured by Sigma) was overlaid, and then using Themm Cyder ^ 

^Te^^^ — 10 - ° f - P,aSm ' d 

pcDNA3.1Hyg( + ) (manufactured by Cfiaquick PCR Purification Kit 

[0360] The DNA was purified from the restnc ,on *" 2 ^ 8amp ,e and 1 m of the 

(manufactured by QIAGEN) and m.xed with 5 u.l of the cDNA solutton tor in xer 

pcDNA3.myg(+) solution. 6 ui of Ligation High ^^Z^Zx^nZ mixed wTsM of Escherichia co„ 
carried out at 16»C for 30 minutes. From the react on soluti on 2 ^l wa take ^ut, r™ce £ healed |n 

XL-1 Blue Competent Cel. (manufactured by Slralagene^ altowed to ^^^^^ co „- after transfor- 
a water bath at 42°C for 45 seconds to transform E ^ n ^^ d ^I™ a { e d on LB agar pla te medium sup- 
mation was suspended in LB medium <"™ u '^^^ The plate' was incubated at 

plemented with 50 iig/ml ampicillin (manufactured by Wako Pure C hemlcs i\ p 
37'C overnight to obtain a single colony of the transform on »° a ^ 
peeledoffwithasten.izedtoothpickand^ 

cording to the manufacture's instruct ons attoche htarota J« e ^° n ™ * ab ^ sorbanC e at a wavelength of 260 nm 
(3) Introduction ol plasmid into CHODG44 cell and preparation ot transformant 

pan , » t .«* to* oe, te a, CH«D044 «» ,G. Udaub -^S^t^^BS^ 
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gromycin-resistant transformants were obtained. Next, the medium was changed to a medium prepared by adding 50 
nM MTX to the IMDM-dFBS(10)-Hyg(500), and culturing was carried out for 2 weeks to obtain 50 nM MTX-resistant 
clones. Furthermore, the medium was changed to a medium prepared by adding 200 nM MTX to the IMDM-dFBS(10) 
-Hyg(500) and culturing was carried out for 2 weeks to obtain 200 nM MTX-resistant clones. Expression of anti-CCR4 
5 chimeric antibody in these 200 nM MTX-resistant clones was confirmed by the ELISA described in the Item (6) of this 
Example using a CCR4 peptide-lmmobilized plale. 

[0363] The transformant transfected with the N-lerminal-deleled mutant of human GDP-fucose transporter is called 
the clone CHO/GDPftA30-CCR4, and the transformant transfected with pcDNA3.1Hyg(+) is called the clone CHO/ 
,pcDNA-CCR4. Also, the clone CHO/GDPftA30-CCR4, as a cell name of Nega-13/GDPftA30, has been deposited on 
10 March 14, 2002, as FERM BP-7965 in International Patent Organism Depositary, National Institute of Advanced In- 
dustrial Science and Technology (Tsukuba Central 6, 1, Higashi 1-Chome Tsukuba-shi, Ibarakl-ken, Japan). 

(4) Purification of anti-CCR4 chimeric antibody 

is [0364] Anti-CCR4 chimeric antibodies produced by the clone CHO/GDPftA30-CCR4 and clone CHO/pcDNA-CCR4 
were purified as follows. 

[0365] Each of the clone CHO/GDPftA30-CCR4 and clone CHO/pcDNA-CCR4 was inoculated into a T182 flask 
(manufactured by Greiner) and cultured at 37°C in a 5% CO a incubator until it grew up to confluent. When the cell 
density reached confluent stage, the culture supernatant was discarded, the cells were washed with 25 ml of PBS 

20 buffer (manufactured by Invltrogen) and then 35 ml of EXCELL301 medium (manufactured by JRH) was added thereto. 
After culturing at 37°C for 1 week in a 5% C0 2 incubator, the culture supernatant was recovered to carry out purification 
with Prosep-A column (manufactured by Millipore) according to the manufacture's instructions. Protein concentrations 
of the purified antibodies were determined by using BCA Protein Assay Kit (manufactured by PIERCE). Regarding the 
purified antibodies, the antibody produced by the clone CHO/GDPftA30-CCR4 and the antibody produced by the clone 

25 CHO/pcDNA-CCR4 were named CHO/GDPftA30-CCR4 antibody and CHO/pcDNA-CCR4 antibody, respectively. 

(5) Analysis of purified anti-CCR4 chimeric antibody 

[0366] According to a known method [Nature, 227 , 680 (1 970)], 4 u,g of each of the two purified anti-CCR4 chimeric 
30 antibodies obtained in the item (4) of this Example was subjected to SDS-PAGE to its analyze molecular weight and 
purity, in each of the purified anti-CCR4 chimeric antibodies, a single band of about 150 Kd in molecular weight was 
found under non-reducing conditions and two bands of about 50 Kd and about 25 Kd were found under reducing 
conditions. These molecular weights almost coincided with the molecular weights deduced from the cDNA nucleotide 
sequences of the antibody H chain and L chain (H chain; about 49 Kd, L chain: about 23 Kd, whole molecule: about 
35 144 Kd), and also coincided with the reports stating that the IgG type antibody shows a molecular weight of about 150 
Kd under non-reducing conditions and is degraded into H chain having a molecular weight of about 50 Kd and L chain 
having a molecular weight of about 25 Kd under reducing conditions due to cutting of the intramolecular S-S bond 
(Antibodies, Chapter 14; Monoclonal Antibodies), and it was confirmed that the anti-CCR4 chimeric antibodies were 
expressed and purified as antibody molecules having correct structures. 

40 

(6) Evaluation of binding activity to CCR4 partial peptide 

[0367] Binding activity of the two anti-CCR4 chimeric antibodies obtained in the item (4) of this Example to a CCR4 
partial peptide was measured by the following method according to the ELISA using a CCR4 peptide immobilized plate. 

45 

Binding activity of antibody to CCR4 partial peptide (ELISA) 

[0368] Compound 1 (SEQ ID NO: 1 5) was selected as a human CCR4 extracellular region peptide capable of reacting 
with the anti-CCR4 chimeric antibody. In order to use it in the activity measurement by ELISA, a conjugate with BSA 

50 (bovine serum albumin) (manufactured by Nacalai Tesque) was prepared by the following method and used as the 
antigen. That is, 100 ml of a DMSO solution comprising 25 mg/ml SMCC [4-(A/«maleimidomethyl)-cyclohexane-1-car- 
boxylic acid A/-hydroxysuccinimide ester] (manufactured by Sigma) was added dropwise to 900 ml of a 10 mg BSA- 
containing PBS solution under stirring with a vortex, followed by gently stirring for 30 minutes. A 1 ml portion of the 
reaction solution was applied to a gel filtration column such as NAP-10 column equilibrated with 25 ml of PBS, and 

55 then eluted with 1 .5 ml of PBS and the resulting eluate was used as a BSA-SMCC solution (BSA concentration was 
calculated based on A 28 o measurement). Next, 250 ml of PBS was added to 0.5 mg of Compound 1 and then completely 
dissolved by adding 250 ml of DMF, and the BSA-SMCC solution was added thereto under vortex, followed by gently 
stirring for 3 hours. The reaction solution was dialyzed against PBS at 4°C overnight, sodium azide was added thereto 
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to give a final concentration of 0.05%, and the mixture was filtered through a 0.22 mm filter to be used as a BSA- 

» /Ztan Quatex) diluted 6000-fold wrth 1% BSA-PBS as the secondary antibody was added at 50 ^weH and 

almost the same antigen-binding activity to the CCR4 peptide. 
(7) Evaluation of ADCC activity to human CCR4 high expression clone 

103711 The ADCC activity of the two anti-CCB4 chimeric antibodies obtained in the item (4) of this Example ^ to a 
humln CCR4 hS ex^ssXn cel. CCR4/EL-4 cel. (WO 01/64754) was measured according to the following method. 

(a) Preparation of target cell suspension 

[0372] After 1 .5x1 0' cells of a human CCR4-expressing CCR4/EL-4 cell described in WO 01 Z64754 I were prepared 
a 5 55 M Bq equivalent of a radioactive substance Na^Cr0 4 was added thereto, followed by reaction « 37 C forl^S 
h».» to label the cells with a radioisotope. After the reaction, the cells were washed three times by suspens.on 

nT^dira^" 
ice for spontaneous dissociation of the radioactive substance. After centnfuga lon ; the ^ el ' s were ad J ustedto 3' 
density of 2 x 10* cells/ml by adding 15 ml of the medium and used as a target cell suspens.on. 

30 (b) Preparation of human effector cell suspension 

[03731 From a healthy doner, 60 ml of peripheral blood was collected, 0.6 ml of heparin sodium * 

(c) Measurement of ADCC activity 

[0374] The target cell suspension prepared in the above (a) was dispensed at 60 ul (1 x 1 ^ cells/well) '"^ach wall 
of a 96 wllu bottom piate (manufactured by Falcon). Next. 1 00 »l of the human e«edor ce. 

the above (b) was added thereto (5x10* cells/well, ratio of the human effector cells to the target ceMs was 60 1£ 
Furthermore each of the anti-CCR4 chimeric antibodies was added thereto to gi ve a final concentrat.cn of 0.0001 to 
%£Z££2Z reaction at 37»C for 4 hours. After the reaction, the plate was -■J^SS wTclutated 
in the supernatant was measured using a Y -counter. An amount of the spontaneously dissociated si C r was calculated 

bycar^^^^ 

solution, and measuring the amount of "Cr in the supernatant. An amount of the total J^^IS^ISE^ 
by carrying out the same procedure using a 1 moUL hydrochloric acid solution instead of the ^o^r^uMn and 
human effector cell suspension, and measuring the amount of si C r in the supernatant. The ADCC activity (A) was 
so calculated based on the following equation (1). 

51 Cr In sam ple supernatant - spontaneou sly released 51 Cr v < nn (1) 
ADCC activity <%) = — s1cr ; spontaneously relea6ed - Cr 

X [0375] As a resuft, as sown in Fig. 2, it was found that the ADCC activity of CHO/GDPfto30-CCR4 antibody is sig- 
nificantly higher than that of CHO/pcDNA-CCR4 antibody. 
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(8) Analysis of sugar chain structure of anti-CCR4 chimeric antibody 

r 0 3761 Suaar chains of the two anti-CCR4 human chimeric antibodies purified in the item (4) of this Example were 
Lnalyed^ 

Suta^d by MI.Hpore). The exchange was carried out .n such a manner that the exchanging r*£^™£ 
oTmore. The concentration of the antibodies after the solution exchange was measured with UV-1 600 
bv Z madzu) . The molar absorption coefficient was calculated from the amino ac.d sequence of each an«boJybased 
on Slowing equation (2) [Advances in Protein Chemistry, 12, 303 (1 962)], and the concentration was determined 
by defining the absorbance at 280 nm as 1 .38 mg/ml. 



Equation (2) 
E 1m0 |/| = Axn1+Bxn2 + Cxn3 
1S E 1mol/ml =E 1moW /MW 



E, m - absorption coefficient at 280 nm (mg° ml cm- 1 ) 

E m °„ molar absorption coefficient at 280 nm (M _1 cm 1 ) 

so A molar absorption coefficient of tryptophan at 280 nm = 5550 (NT 1 cm-1) 

B- molar absorption coefficient of tyrosine at 280 nm = 1 340 (M" 1 cm 1 ) 

C- molar absorption coefficient of cystine at 280 nm = 200 (M -1 cnr 1 ) 

n 1 : the number of tryptophan per 1 antibody molecule 

n2: the number of tyrosine per 1 antibody molecule 

25 n3: the number of cystine per 1 antibody molecule 

MW: molecular weight of antibody (g/mol) 
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r0377] Into Hydraclub S-204 test tube, 100 ug of each antibody was put and dned by using a ce ntnfugal evaporator 
The d led sample in the test tube was subjected to hydrazinolysis by using Hydraclub manufactured by Hohnenjhe 
lamole was Swed to react with hydrazine at 110°C for 1 hour by using a hydrazino.ys-s reagent manufactured by 
HohSn hydmSys s [Method of Enzymoiogy, 83, 263 (1 982)]. After the reaction, hydrazine was ^aporated under 
e reduced pS ure and the reaction tube was turned to room temperature by allowing it to stand 
Next 250 S of an acetylation reagent manufactured by Hohnen and 25 ul of acetic anhydride were added thereto 
Swed by ihoroCghly stirred for reaction a! room temperature lor 30 minules. Then, 250 ul of the acefy.alion reagent 
LSSSclnhydride^ 

Tor 1 hou^The samp^ was frozen at -80»C in a freezer and freeze-dried for about 17 hours. Sugar chains were 
ec v£ fJTm theTeze dried sample using Ce.lu.ose Cartridge G.ycan Preparation Kit manufactured by Takara 



nm The sample sugar chain solution was dried by using a centrifugal evaporator and then subjected to fluores- 
cence I abelng^th 2-aminopyridine [J. Blochem.. 95, 197 (1984)]. The 2-aminopyridine solut.on was prepared by 
!riZ, 760 Z ol HCI oeM q of 2-aminopyridine (lx?A solution) and diluting the solution 1 0-fold with reverse osmosis 
££d iS^Sn)- T»» «»*™ cyanoborohydr.de solution was prepared by adding 20 of 
i x PA solution and 430 uJ of reverse osmosis purified water per 1 0 mg of sodium cyanoborohydnde^ To the sampie. 
67 Vi ct a 10 foSluted PA solution was added, followed by reaction at 100-C for 15 minutes and spontaneously 
tic * ana 2 Z sodium cyanoborohydride was further added thereto, followed by reaction at 90 » C i tor 1: 2 hours for 
Zo rescence labeling of the sample sugar chains. The fluorescence-labeled sugar chain group PA-treated sugar chain 

tS *■ ep was r b y Sstng 1 0 mM ammonium bicarbonate as the eluent at a flow rate of 0.5 ml/min and at a 
Ilm ^temperature of room temperature, and using a fluorescence detector of 320 nm excitation wavelength and 400 
nm nuoSnS wavelength. The eluate was recovered 20 to 30 minutes after addition of the sampte and dned by 
usC I ^ intrifugaTevaporSorto be used as purified PA-treated sugar chains. Next, reverse phase HPLC analysis of 
thf ourifled PA-teated sugar chains was carried out by using CLC-ODS column (manufactured by Sh,madzu, * 6.0 
nm x 59 nm) The step was carried out at a column temperature of 55-C and at a flow rate of 1 mtfmin by using a 
florescence detecwr of 320 nm excitation wavelength and 400 nm fluorescence wavelength. The column , was equil- 
bra r d Xa 1 0 m J sodium phosphate buffer (pH 3.8) and elution was earned out for 80 minutes by a 0.5% 1 -butanol 
density gradient. Each of the PA-treated sugar chain was identified by post source decay analysis of each peak 
of the sepSted PA-treated sugar chains using matrix-assisted laser ionization time of flight mass spectrometry (MAL- 
DI-TOF-M^an^a^Jsis)[comparison of elution positions with standards of PA-treated sugar chain manufactured by Takara 
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Shuzo, and reverse phase HPLC analysis after digestion of each PA-treated sugar chain using various enzymes. Each 
of the sugar chain content was calculated from each of the peak area of PA-treated sugar chain by reverse HPLC 
analysis. A PA-treated sugar chain whose reducing end is not A/-acetylglucosamine was excluded from the peak area 
calculation, because it is an impurity or a by-product during preparation of PA-treated sugar chain. The analysis chart 
by HPLC is shown in Fig. 3. Using a sodium phosphate buffer (pH 3.8) as buffer A and a sodium phosphate buffer (pH 
3.8) + 0.5% 1-bulanol as buffer B, the analysis was carried oul by the following gradient. 



Time (minute) 


0 


80 


90 


90.1 


120 


Buffer B (%) 


0 


60 


60 


0 


0 



[0379] Also, peaks® to® shown in Fig. 3 correspond to the following structures (1) to (8), respectively. 
QcNAc/31— 2Manorl 



\ 



0) 



GlcNAc£ 



/ 

1— 2Man arr 



6 Man /3 1 — 4QcNAc £ 1 — 4dcNAc — PA 
3 



Gal £ 1 — 4GlcNAc £ 1 — 2Man Of 1 
(2) 

GlcNAc 



^ 6 Man/3 1 — 4GlcNAc/3 1 — 4GlcN Ac — PA 

/ 

y8l— 2Manorr 



(3) 



GlcNAc jS 1 ~2Man a 1 



Gal (3 1 — 4dcNAc/S I —2Man or 1 



^ Man J3 1 — 4GicNAc/3 1 — 4GkNAc— PA 



Gal 0 1 — 4G1cNAc j8 1 — 2lVfan ot 1 



(4) 



s/3l — 4dcNAcj9l — 2Mancyl 



^ Man £ 1 -^GlcNAc £ 1 -~4GlcNAc— PA 

/ 3 



41 



EP 1 500 698 A1 



(5) 



10 



20 



25 



30 



35 



(8) 

40 



GlcNAc£l— 2Manorl Fucal^ 

6 ManjS 1 — 4QcNAc£ 1 — 4QcNAc— PA 

/ 

GteNAcjS 1 — 2Man a 1 



Gal/Sl-4acNAcj8l-2Manffl Fuca \ 
»s (6) 6 Mm/9 1 -4<3cNAc j8 1 -^QcNAc-PA 
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[0380] GlcNAc, Gal, Man, Fuc and PA indicate A/-acetylglucosamine, galactose, mannose, fucose and a pyridylamino 
group, respectively. In Fig. 3, the ratio of the a1 ,6-f ucose-f ree sugar chain group was calculated from the area occupied 
by the peaks ® to ® among® to ® , and the ratio of the ct1 t 6-fucose-bound sugar chain group from the area 
occupied by the peaks© to® among® to ® . The results are shown in Table 1 . 



50 



55 



Table 1 



Antibody 


Ratio of a1 ,6-fucose-f ree sugar chain (%) 


CHO/GDPftA30-CCR4 antibody 
CHO/pcDNA-CCR4 antibody 


35 
10 



[0381] When calculated from the peak area, the a1 ,6-fucose-f ree sugar chain content of CHO/GDPttA30-CCR4 was 
35%, and the ratio of a1 ,6-fucose-bound complex sugar chain was 65%. The a1 ,6-fucose-f ree sugar chain content of 
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CHO/pcDNA-CCR4 antibody was 10%, and the ratio of a1 ,6-fucose-bound complex sugar chain was 90%. 
[0382] Based on the above results, it was found that the introduced N-terminal-deleted mutant of the GDP-fucose 
transporter acts as a dominant negative mutant of the GDP-fucose transporter and can decrease the ratio of the a1 ,6-f u- 
cose-bound complex sugar chain of the produced antibody. 

5 

Example 2 

Isolation of gene encoding GDP-fucose transporter from Chinese hamster cell: 
w (1 ) Extraction of total RNA derived from CHO/DG44 cell 

[0383] CHO/DG44 cell [G. Urlaub and L.A. Chasin, Proc. Natl. Acad. Sci. USA, 77, 421 6-4220 (1 980)] was suspended 
in IMDM medium (manufactured by Life Technologies) supplemented with 10% fetal bovine serum (manufactured by 
Life Technologies) and 1 x concentration HT supplement (manufactured by Life Technologies) and 1 5 ml thereof was 
is inoculated at a density of 2 x 1 0* cells/ml into a T75 flask for adherent cell culture (manufactured by Greiner). Culture 
was carried out at 37°C in a 5% C0 2 incubator, 1X10? of the cells were recovered on the 2nd day of the culture, and 
total RNA was extracted by using RNAeasy (manufactured by QIAGEN) according to the manufacture's instructions. 

(2) Preparation of whole single-stranded cDNA derived from CHO/DG44 cell 

20 

[0384] A total RNA prepared in the above (1 ) was dissolved in 45 nl of sterile water, mixed with 1 uJ of RQ1 RNase- 
Free DNase (manufactured by Promega), 5 nl of 1 0 x DNase buffer attached thereto and 0.5 pj of RNasin ribonuclease 
inhibitor (manufactured by Promega) and allowed to react at 37°C for 30 minutes to thereby degrade the genomic DNA 
as contaminant in the sample. After the reaction, the total RNA was re-purified by RNAeasy (manufactured by QIAGEN) 
25 and dissolved in 50 uJ of sterile water 

[0385] A single-stranded cDNA was synthesized from 3 \i\ of the obtained total RNA by reverse transcnption reaction 
in a 20 |il solution containing oligo(dT) as primers, using SUPERSCRIPT™ First-Strand Synthesis System for RT-PCR 
(manufactured by Life Technologies) according to the manufacture's instructions. In the PCR cloning, 50 fold-diluted 
aqueous solution of the reaction solution was used. The solution was stored at -80°C until its use. 



30 



(3) Preparation of human/Chinese hamster ovary cell (CHO) chimeric GDP-fucose transporter cDNA 



[0386] A chimeric GDP-fucose transporter having human GDP-fucose transporter sequence in the primer moiety 
and CHO sequence in the amplified moiety was amplified by polymerase chain reaction (PCR) on ihe CHO/DG44 cell- 

35 derived single-stranded cDNA prepared in the above (2), using a primer set of the GDPfT-Fw primer and GDPfT-Rv 
primer (SEQ ID NO:5 and SEQ ID NO:6, respectively) designed based on the human GDP-fucose transporter sequence 
described in Example 1(1). Using ExTaq (manufactured by Takara Shuzo), 25 uJ of a reaction solution [ExTaq buffer, 
0.2 mM dNTPs, 0.5 u.M of the above gene-specific primer set] containing 1 |xl of the CHO/DG44-derived single-stranded 
cDNA was prepared, and the PCR was carried out by heating at 94°C for 5 minutes, 30 cycles of a reaction at 94°C 

40 for 1 minute, 60°C for 1 minute and 72*C for 1 minute as one cycle, and finally heating at 72°C for 5 minutes. After 
completion of the PCR, the reaction solution was subjected to 1% agarose gel electrophoresis, and about 1 ,100 bp of 
the specific amplification fragment was purified by using GENECLEAN SPIN Kit (manufactured by BIO 101) (herein- 
after, this method was used for the purification DNA fragment from agarose gel) and eluted with 20 p.l of sterile water. 
In a 20 M l reaction solution using Ligation High (manufactured by TOYOBO), 9 \i\ of the amplified fragment was ligated 

45 with 50 ng of T7blue T- Vector, and Escherichia coli DH5a strain was transformed by using 2 \l\ of the reaction solution 
by the method of Cohen etai [Proc. Natl. Acad. Sci, U.S.A., 69, 2100 (1972)] (hereinafter, this method was used for 
the transformation of Escherichia coli). A plasmid DNA was isolated from the obtained several amplcillin-resistant 
colonies according to a known method [Nucleic Acids Research, 7 1 1513 (1979)1 (hereinafter, this method was used 
as the isolation method of plasmid). The presence or absence of Insert was confirmed by the size comparison using 

50 agarose gel electrophoresis, and the nucleotide sequence was determined using DNA Sequencer 377 (manufactured 
by Perkin Elmer) and Big Dye Terminator Cycle Sequencing FS Ready Reaction Kit (manufactured by PerWn Elmer) 
according to the manufacture's instructions. After reading errors of bases accompanied by PCR were deleted by com- 
paring the sequenced nucleotide sequences of 4 clones, it was confirmed that the inserted DNA determined by this 
method encodes the human/CHO chimeric GDP-fucose transporter. 

55 

(4) Synthesis of single-stranded cDNA for RACE 

[0387] Single-stranded cDNAs for 5' and 3' RACE from the CHO/DG44 total RNA extracted in the item (1) was 
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prepared by using SMART™ RACE cDNA Amplification Kit (manufactured by CLONTECH) according to the manufac- 
ture's instructions In this case, PowerScript™ Reverse Transcriptase (manufactured by CLONTECH) was used as 
the reverse transcriptase. Each of the prepared single-stranded cDNAs was diluted 10-folds with Tricln-EDTA buffer 
attached to the kit and used as the template of PCR. 

(5) Determination of untranslated region nucleotide sequences or Chinese hamster GDP-rucose transporter by RACE 
method 

r0388] Based on the human/CHO chimeric GDP-f ucose transporter nucleotide sequence determined in the item (3), 
5' RACE primers CHO-GFT-GSP5'-1 (SEQ ID NO:9) and CHO-GFT-GSP5'-2 (SEQ ID NO:10) specific for Chinese 
hamster GDP-fucose transporter and 3' RACE primers CHO-GFT-GSP3M (SEQ ID NO:11) and CHO-GFT-GSP3'-2 
(SEQ ID NO-12) specific for Chinese hamster GDP-fucose transporter were designed. 

[0389] Next using Advantage2 PCR Kit (manufactured by CLONTECH), 50 uJ of a reaction solution [Advantage2 
PCR buffer (manufactured by CLONTECH), 0.2 mM dNTPs, 0.2 umol/l Chinese hamster GDP-fucose transporter- 
specific primers for RACE, 1 x concentration of common primer (manufactured by CLONTECH)] containing 1 ul of 
the CHO/DG44-derived single-stranded cDNA for RACE prepared in the item (4) of this Example was prepared for 
polymerase chain reaction (PCR). The PCR was carried out by 20 cycles of a reaction at 94°C for 5 seconds, 60°C 
for 10 seconds and 72°C for 2 minutes as one cycle. After completion of the reaction, the PCR was again carried out 
under the same conditions by using 1 uJ of the reaction solution as the template and by preparing the reaction solution 
again Thetemplates and combination of primers used in the 1st and 2nd PCR and sizes of the amplified DNA fragments 
are shown in Table 2 After completion of the second PCR, the reaction solution was subjected to 1% agarose gel 
electrophoresis, and the specific amplification fragments of interest were purified and eluted with 20 uJ of sterile water. 
[03901 Nucleotide sequences of the PCR products obtained by the above 5' and 3' RACE were determined by a 
direct sequencing method by using DNA Sequencer 377 (manufactured by Perkin Elmer) and Big Dye Terminator Cycle 
Sequencing FS Ready Reaction Kit (manufactured by Perkin Elmer). The method was carried out according to the 
manufacture's instructions. Nucleotide sequences of 5' and 3' untranslated regions adjacent to the ORF of the Chinese 
hamster GDP-fucose transporter are shown In Fig. 4. 



Table 2 



Combination of primers used in Chinese hamster GDP-fucose transporter cDNA RACE and size of PCR products 


5' RACE 


Specific primer 


Common primer 


Size of PCR amplified products (predicted length) 


1* PCR 
2 nd PCR 


GFTJ3SP5*-1 
GFT_GSP5'-2 


UPM (Universal primer mix) 
NUP (Nested Universal primer) 


about 550 bp (280 bp or more) 










3' RACE 


Specific primer 


Common primer 


Size of PCR amplified products (predicted length) 


1 st PCR 
2 nd PCR 


GFT_GSP3'-1 
GFT_GSP3'-2 


UPM (Universal primer mix) 
NUP (Nested Universal primer) 


about 1 ,400 bp (270 bp or more) 



(6) Cloning of full length cDNA of Chinese hamster GDP-fucose transporter 

[0391] First, based on the nucleotide sequence of untranslated regions of GDP-fucose transporter determined in the 
item (5) of this Example, a primer set for Chinese hamster GDP-fucose transporter-specific amplification use, 
CHO#GFT#FW (SEQ ID NO:13) and CHO#GFT#RV (SEQ ID NO:14), were designed. Next, using KOD DNA polymer- 
ase (manufactured by TOYOBO), 20 uJ of a reaction solution [KOD buffer, 0.2 mM dNTPs, 1 .6 mM MgCI 2 , 0.5 jiM of 
the above gene-specific primers (CHO#GFT#FW and CHO#GFT#RV)] containing 1 uJ of the CHO/DG44-derived sin- 
gle-stranded cDN A prepared in the item (2) of this Example was prepared, and the PCR was carried out by heating at 
94°C for 5 minutes and then 30 cycles of a reaction at 94°C for 5 seconds, 60°C for 1 0 seconds and 72°C for 2 minutes 
as one cycle After the PCR was carried out 4 times in independent experiments, each of the reaction solutions was 
subjected to 1% agarose gel electrophoresis, and an amplified specific fragment of about 1,250 bp was purified by 
using GENECLEAN SPIN Kit (manufactured by BIO 101) and eluted with 20 uJ of sterile water. In a 20 uJ solution 
containing Ligation High (manufactured by TOYOBO), 4 uJ of the above amplified fragment was ligated with 5 ng of 
pCR-blunt vector (manufactured by Invltrogen), and DH5ct was transformed by using 2 uJ of the reaction solution. 
Plasmld DNA samples were isolated from the obtained several kanamycln-resistant colonies, and about 1 00 ng thereof 
was digested wilh EcoRI and then subjected to agarose gel electrophoresis lo confirm the presence of insert. A nu- 
cleotide sequence of the cloned PCR amplification fragment was determined by using DNA Sequencer 377 (manufac- 
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15 



20 



tured by Perkin Elmer) and Big Dye Terminator Cycle Sequencing FS Ready Reaction Ki^ ■ 

Elmer). The sequence of Chinese hamster GDP-fucose transporter cDNA determmed by «*»^ l ^7tam 
h«Vo in mo 1 A Chinese hamster GDP-fucose transporter amino acid sequence (365 amino acids) deduced trom 
^^!SiJ^!^^^ 1214) present in the determined fui. length cDNA sequence ,s represented 
5 by SEQ ID NO:2. 

Example 3 

Preparation of siRNA expression plasmid-lntroduced ceil and preparation of antibody composition using the cell 
10 targeting GDP-fucose transporter 

1 . Construction of siRNA expression plasmid U6_GFT_H_puro targeting GDP-fucose transporter 

(1) Selection of nucleotide sequence of CHO-derlved gene as target of RNAi 
t039 21 The 19 nucleotides represented by SEQ ID NO:16 was used as the 

referred to as "siRNA") targeting the sequence is named siRNA .GFT.. n. nerein, a ^einoo , f th ex . 

U6 GFT8 H_puro expressed siRNA_GFT_H in animal cells is described below. Also. th % baste ^ ure of the eX 
pression pTasmid was designed according to the method of Miyagishl [Nat. B,otechno,ogy, 20, 5 (2002)]. 

(2) Construction of plasmid U6_pre_sense 

ro3931 Plasmid U6 pre sense was constructed according to the following method (Fig. 5). A P^nrnerue chain «- 
action (PCR^s camed out by using primers (SEQ ID NOs:17 and 18) designed from the gene sequence of human 
Geneink (G^Bank Nos. X07425 and M14486] , to amplify the pr = reg.or , of the h man 
U6 snRNP aene In the PCR, 50 uL of a reaction solution containing 200 ng of Human Genomic DNA 1™"^°™*° 
0 SfflfS xSc iq Buffer ("manufactured by Takara Shuzo). 0.2 ( ^^"^ 
(manufactured by Takara Shuzo), andO.5 uM each of the - ZSS^SSS 
was prepared, followed by heating at 94°C for 5 minutes and 30 cycles of neatin ) at94 C tot 1 minute 

Sp™^^ 

phenol/chloroform, and subjected to ethanol precipitation to recover a ^^^J^^J^S^^^o- 
dioested with BamHI (manufactured by Takara Shuzo). and the reaction mixture was subjected to agarose ge elec 

with Xbal (manufactured by Takara Shuzo) and BamHI (manufactured by Takara Shuzo by using DNA ugai » ^ ™ 
£11 by Takara Shuzo). Using the resulting recombinant p.aamid DNA Esc^ m ^ "*J^^ 0 
uTactured by Toyobo) was transformed according to the method of Cohen et al [Proc Natl. Acad &UBJ,»2«0 
M^Whereinafter this method was used in transforation of Escherichia coll). A recombinant plasmid DNA was 
oTaSdT^ 

Qiaaen) The nucleotide sequence of U6 promoter contained in the plasmid was determined by using DNA ' seq^ncer 
SSra m ^^manufactured by Perkin Elmer) according to the conventional method. The plasm* .n which no mu- 
tation was occurred in the nucleotides during the PCR was selected and named U6_pre_sense. 

(3) Construction of plasmid pBS_Bglll 

so f03951 Plasmid pBS Bglll was constructed according to the following method (Fig. 6). In distilled water 10 pmol of 
Stic X TdNAs (each phosphorylated at the 5' terminals) represented by SEQ ID NOs:1 9 and 20 was dissolved, 
Swe Jby heating at 90'C for 10 mfnutes, and the mixture was allowed to stand to room ^ rature ^%^ n ; u a ""9 r 
oligomer (0.2 pmol) Isolated from the reaction ^-"22^^ 
/mon..f«otnrpH bw STRATAGENE} which had been digested in advance with Sad (manufactured oy laKara onuzo; oy 
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pBS_Bglli. 

(4) Construction of plasmid U6__pre_antisense 

5 [0396] Plasmid U6_pre_antisense was constructed according to the following method (Fig. 7). A polymerase chain 
reaction (PCR) was carried out by using primers (SEQ ID NOs:21 and 22) designed from the gene sequence of human 
U6 snRNP registered in GenBank (GenBank Accession Nos. X07425 and M14486) to amplify the promoter region of 
the human U6 snRNP gene. In the PCR, 50u,L of a reaction solution containing 200 ng of Human Genomic DNA 
(manufactured by Clontech) [1 xEX Taq Buffer (manufactured by Takara Shuzo), 0.2 mM dNTP's, 2.5 unit of EX Taq 

10 polymerase (manufactured by Takara Shuzo), and 0.5 each of the above primers (SEQ ID NOs:21 and 22 as 
described above)] was prepared, followed by heating at 94°C for 5 minutes and then 30 cycles of heating at 94°C for 
1 minute and 68°C for 2 minutes as one cycle by using GeneAmp PCR system 9700 (manufactured by Perkin Elmer),. 
[0397] The PCR solution was extracted with phenol/chloroform, and the PCR amplified fragment was recovered by 
ethanol precipitation. The amplified fragment was digested with eamHI (manufactured by Takara Shuzo), extracted 

15 with phenol/chloroform, and subjected to ethanol precipitation to recover a DNA fragment. The DNA fragment was 
then digested with EcoRI (manufactured by Takara Shuzo), and the reaction mixture was subjected to agarose gel 
electrophoresis. The DNA fragment of about 300 bp was purified by using Gel Extraction Kit (manufactured by Qiagen). 
The recovered DNA fragment was linked with plasmid pBS^Bglll (manufactured by Takara Shuzo) which had been 
digested in advance with BamH\ (manufactured by Takara Shuzo) and EcoRI (manufactured by Takara Shuzo) by 

20 using DNA Ligation Kit (manufactured by Takara Shuzo). Escherichia coli DH5cx strain (manufactured by Toyobo) was 
transformed with the resulting recombinant plasmid DNA. The recombinant plasmid DNA was isolated from the resulting 
multiple ampicillin resistant colonies by using a QIAprep Spin Miniprep Kit (manufactured by Qiagen). The nucleotide 
sequence of U6 promoter contained in the plasmid was determined by using DNA sequencer ABI PRISM 377 (man- 
ufactured by Perkin Elmer) according to the conventional method. The plasmid in which no mutation was occurred in 

25 the nucleotides during the PCR was selected from the determined clones and named U6_pre_antisense. 

(5) Construction of a plasmid U6_sense_H 

[0398] Plasmid U6_sense_B was constructed according to the following method (Fig. 8). In distilled water, 1 0 pmol 
so of each of synthetic oligo DNAs (each phosphorylated at the 5' terminal) represented by SEQ ID NOs:23 and 24 was 
dissolved, followed by heating at 90°C for 10 minutes, and the mixture was allowed to stand to room temperature for 
annealing. The annealed synthetic oligomer (0.2 pmol) isolated from the reaction solution was linked with a plasmid 
U6 pre sense which had been digested in advance with PmaCI (manufactured by Takara Shuzo) and BarriHi (man- 
ufactured by Takara Shuzo) by using DNA Ligation Kit (manufactured by Takara Shuzo). Escherichia coif DH5a strain 
35 (manufactured by Toyobo) was transformed with the resulting recombinant plasmid DNA. A recombinant plasmid DNA 
was isolated from the resulting multiple ampicillin resistant colonies by using QIAprep Spin Miniprep Kit (manufactured 
by Qiagen). The nucleotide sequence derived from the synthetic oligomer contained in the plasmid was determined 
by using DNA sequencer ABI PRISM 377 (manufactured by Perkin Elmer) according to the conventional method. The 
plasmid into which the nucleotide sequences represented by SEQ ID NOs:23 and 24 were correctly introduced was 
40 selected from the determined clones and named U6_sense_H. 

(6) Construction of plasmid U6_antisense JH 

[0399] Plasmid U6_antisense_B was constructed according to the following method (Fig. 9). In distilled water, 10 
45 pmol of each of synthetic oligo DNAs (each phosphorylated at the 5' terminals) represented by SEQ ID NOs:25 and 
26 was dissolved, followed by heating at 90°C for 1 0 minutes, and the mixture was allowed to cool to room temperature 
for annealing. The annealed synthetic oligomer (0.2 pmol) isolated from the reaction solution was linked with plasmid 
U6_pre_antisense which had been digested in advance with PmaCI (manufactured by Takara Shuzo) and EcoRI (man- 
ufactured by Takara Shuzo) by using DNA Ligation Kit (manufactured by Takara Shuzo). Escherichia coii DH5a strain 
50 (manufactured by Toyobo) was transformed with the resulting recombinant plasmid DNA. The recombinant plasmid 
DNA was isolated from the resulting multiple ampicillin resistant colonies by using QIAprep Spin Miniprep Kit (manu- 
factured by Qiagen). The nucleotide sequence derived from the synthetic oligomer contained in the plasmid was de- 
termined by using DNA sequencer ABI PRISM 377 (manufactured by Perkin Elmer) according to the conventional 
method. The plasmid into which the nucleotide sequences represented by SEQ ID NOs:25 and 26 were correctly 
55 introduced was selected from the determined clones and named U6_antisense_H. 
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(7) Construction of plasmid U6_GFT_H 

was digested with Sa/l (manufactured b Takara Shuzo > ™£ d b Takara shuzo). The reaction solution 

recovered by ethanol precipitation and then ^^^^^^^TS^^ was purified by using Gel Ex- 
was subjected to agarose gel eleclrophorests and plasmid U6 sense.H which had 
traction Kit (manufactured by Qiagen). The recovered DNA fragment was "n™ ^P a - 
been digested in advance with Sal. (manufactured by Takara f^^^^^^^^-a^li 
using DNA Ligation Kit (manufactured by Takara Shuzo) -f^^ from the resulting 

from the determined clones and named U6_GFT_H. 
(8) Construction of plasmid U6 _FUT8_H jpuro 

m>.^i piacmiriUfi FUT8 H euro was constructed according to the following method (Fig. 11 ). Plasmid U6_FUT8_H 

TdUrr~ 

advance with ftUl (manufactured by Takara Shuzo) by usin 9 DNAUg. » n ^2j^S2«l plasmid DNA. 

Spin Miniprep Kit (manufactured by Qiagen). "uoleotide ^ Th * 
using DNA sequencer AB. PRISM 377 <™nufacfcred by clones and named 
plasmid having the nucleotide sequence of interest was seieciea irom 
U6_FUT8_H_puro. 

(9) Preparation of linearized plasmid U6_GFT_H_puro 
confirm lhal the plasmids were correctly linearized. 

2. Preparation of lect.n-resistant clone into which GDP-.ucose transporter siBNA expression plasmid has been 
introduced 

(1) Preparation of antl-CCP.4 chimeric antibody-producing cell using CHO/DG44 cell as the host 

pMOfl In orda, incr.™. an amount ^J^^^^^^^Ji aaparMant. 
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into wells of a 96 well plate (manufactured by Asahi Techno Glass) to carrying out single cell separation by limiting 
dilution. After culturing at 37°C for 2 weeks, each plate was observed with a microscope, and a well in which growth 
of single colony was confirmed was subjected to scale-up culturing to thereby obtain a clone expressing an anti-CCR4 
chimeric antibody, clone 32*05-09. 

(2) Introduction of siRNA expression vector U6_GFT_l~Lpuro into anti-CCR4 chimeric anUbody-producing cell 

[0405] The siRNA expression vector constructed in Example 1 was introduced into the clone 32-05-09 prepared in 
.the item (1) of this Example. 

[0406] The introduction of the siRNA expression vector into the clone 32-05-09 was earned out by electroporation 
[Cytotechnology, 3, 133 (1990)] according to the following method. First, the clone 32-05-09 was suspended into Dul- 
becco's PBS (K^PBS buffer) (137 mmol/l KCI, 2.7 mmol/l NaCI, 8.1 mmol/l Na 2 HP0 4 , 1 .5 mmol/l KH 2 P0 4 , 4.0 mmol/ 
I MgCI 2 ) at 8x10 6 cells/ml, and 200 nl of the cell suspension (1.8x10 s cells) was mixed with 10 u.g of the linearized 
plasmid prepared in the item 1 of this Example. The resulting cell/DNA mixture was moved into Gene Pulser Cuvette 
(2 mm In distance between the electrodes) (manufactured by BIO-RAD) and subjected to gene introduction at 0.35 KV 
of pulse voltage and 250 uF of electric capacity on a cell fusion apparatus, Gene Pulser (manufactured by BIO-RAD). 
[0407] The cell suspension was added to 30 ml of a basic medium [Iscove's Modified Dulbecco's Medium (manu- 
factured by Life Technologies) supplemented with 1 0% fetal bovine dialyzed serum (manufactured by Life Technologies) 
and 50 u.g/mi gentamicin (manufactured by Nacalai Tesque)] and then inoculated at 10 ml on a 10 cm dish for cell 
adhesion (manufactured by Asahi Techno Glass) and cultured in 5% C0 2 at 37°C for 24 hours. After removal of the 
culture medium, 1 0 ml of a basic medium supplemented with 1 2 jig/ml puromycin (manufactured by SIGMA) was added 
thereto. After further culturing for 6 days, the culture medium was aspirated, and then a basic medium supplemented 
with 0.5 mg/ml LCA (Lens oilman's agglutinin) (manufactured by Vector) and 12 u.g/ml puromycin (manufactured by 
SIGMA) was added thereto at 100 u,I/well. After further culturing for 10 days, the survival clone was isolated. Also, 
expression of the anti-CCR4 chimeric antibody in the culture supernatant of these survival clones was confirmed by 
the ELISA described in the item (6) of Example 1 using a CCR4 peptide-immobilized plate. 

[0408] The resulting clone was removed from the culture plate by trypsin treatment, inoculated on a 24 well plate for 
tissue culture (manufactured by Asahi Techno Glass) and cultured with a basic medium supplemented with 12 mg/ml 
puromycin (manufactured by SIGMA) for 5 days. After culturing, each clone in each well of the plate was scale-up 
cultured on a basic medium supplemented with 12 u.g/ml puromycin (manufactured by SIGMA) in a flask for tissue 
culture (manufactured by Asahi Techno Glass). One clone of the thus obtained clones into which the siRNA expression 
vector U6_GFT_H_puro was introduced was named clone 32-05-09-H1 2. The clone 32-05-09-H12 has been deposited 
in the names of clone 32-05-09-H12 on March 27, 2003 as FERM BP-8345 In International Patent Organism Depositary, 
National institute of Advanced Industrial Science and Technology (Tsukuba Central 6, 1 , Higashi 1-Chome Tsukuba- 
shi, Ibaraki-ken, Japan). 

3. Measurement of GDP-fucose transporter mRNA in si RNAJ3FT_H -introduced clone targeting GDP-fucose 
transporter 

[0409] The clone 32-05-09-H12 obtained in the item 2 of this Example was suspended in a basic medium supple- 
mented with 12 |ig/m! puromycin at a cell density of 3x1 0 5 cells/ml, inoculated in a T75 flask for adhesion cells (man- 
ufactured by Greiner), and cultured for 3 days. Each cell suspension was recovered by trypsin treatment and centrifuged 
at 12,000 rpm at 4°C for 5 minutes to remove the supernatant. The cells were suspended in Dulbecco's PBS (manu- 
factured by GIBCO), centrifuged again at 1 2,000 rpm at 4°C for 5 minutes, and then frozen at -80°C. The parent clone 
32-05-09 in which the siRNA expression plasmid was not introduced was also treated in the same manner to prepare 
the frozen cells. 

[041 0] The frozen cells were thawed at room temperature and the total RN A was extracted by using RNAeasy (man- 
ufactured by Qiagen) according to the attached manufacture's instruction. The total RNA was dissolved in 45 uJ of 
sterilized water, 1 uJ of RQ1 RNase-Free DNase (manufactured by Promega), 5 uJ of the attached 10x DNase buffer 
and 0.5 uJ of RNasin ribonuclease Inhibitor (manufactured by Promega) were added thereto, and the mixture was 
allowed to react at 37 g C for 30 minutes to decompose genomic DNA contaminated in the sample. After the reaction, 
the total RNA was purified again by using RNAeasy (manufactured by Qiagen) and dissolved in 40 u,l of sterilized water' 
[0411] For 3 pg of each of the obtained total RNAs, a reverse transcription reaction was carried out by using oligo 
(dT) as a primer in a 20 uJ system with SUPERSCRIPT™ Preamplification System for First Strand cDNA Synthesis 
(manufactured by Life Technologies) according to the attached manufacture's instruction to synthesize a sinqle-strand 
cDNA. 

[0412] Next, PCR was carried out by using a 100-folds diluted cDNA solution as the template with primer sets 
h_GFT_fw4 (SEQ ID NO:27) and h_GFT_rv2 (SEQ ID NO:28) which were designed so as to amplify the region of 
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nucleotides at positions 799 to 1108 of Chinese hamster GDP-fucose 2 5 

1 Specifically 20 ul of a reaction solution [ixEx Taq Buffer (manufactured by Takara Shuzo). 0.2 mM dNTPi. 2.5 
Js o E Tag polymerase hot start version (manufactured by Takara Shuzo) and 0.5 ^^^SSSSSl 
in NOs- 27 and 28)1 was prepared, and the PCR was carried out by heatmg at 94-C for 3 m.nutes and \Z2 _cyc es 

actin was measured and compared b ^»>"9 *J JJ«JJJJ GDP . fucose transporter according to the method for 
the template in the measurement of the amount of mRNA in we wrw wn - n/e !, 7 , 9 
determining the transcription amount by competitive PGR as described " ^0^61^ 

[0413, Fig. 12 shows the --'^^ that in^e PCR 

4. Preparation of antibody composition produced by siRNA expression plasmid-introduced clone targeting GDP-fucose 
transporter 

[34,41 An anti-GCRO chime* an»dd, produced by th. obtainad clone 32-0S«-H,2 andclone 32.00-09*00 pre- 

K^To m 3 2 ^.r™'.o.p«K.«l ,n a baeic mediem elemented w» i2 pg^l parn^h, 
2S2L »l 3* 55 ceSml end 30 ml dl the mixtu.o wae inoculated In a T182 tlaek to. culldnng adhesion cell (many 
1Z1 £ ££2^cX»d » bs*ome ,00% conlluent. The clone 3245-09 cdlipred In the earn, man ., 
Mhe »oIe «ci« 5or e.lng a basic medium which «/ae not supplemented wlO, puromyc.n. A whole .mopn OHM 

o iVm i/i N«CI buffer (oH 7 5) After washing, the antibody adsorbed on the column was eluted with 1.25 ml of 0.1 
filtration by using Millex GV of 0.22 mm pore size (manufactured by MILLIPORE). 

5. Monosaccharide composition ana.ysis in antibody composition produced by s.RNA expression piasmid-introduced 
clone targeting GDP-fucose transporter 
[04171 F.r m e.n.l-CCR4humani 2 aden»».>ypdr*ed^^^ 

ratio in the siRNA-introduced stain 32-05-09-H12 was significantly '"^f «J U P J° ^ SDP . fuC08e tranS porter can 
[04181 From the above results, it was shown that the introduction of siRNA targetmg GDP fucose transporter ca 
control fucose modification of complex sugar chains in the antibody produced by a host cell. 

55 6. Biological activtty of antibody composition produced by siRNA expression piasmid-introduced clone targeting GDP- 
fucose transporter 

[0419] Thebio.ogica.activi1yoftheanti.CCR4chimericantibodypurifiedintheltem4ofthisExamp.e4wasmeasured 



10 



15 



20 



25 



30 



35 



40 



45 



50 



49 



BNSDOCID: <EP 1fin0fiftflA1 \ » 



EP 1 500 698 A1 



10 



15 



20 



25 



30 



35 



40 



45 



according to the measuring method of ADCC activity described in the item (7) of Example 1 and the antigen binding 
activity described in the item (6) of Example 1 . The results are shown In Table 3. It was observed that there was no 
difference In antigen binding activity between the antibody produced by the parent clone 32-05-09 and the antibody 
produced by the si RN A-lntroduced clone 32-05-09-H 1 2, whereas it was confirmed that the ADCC activity of the antibody 
produced by the sIRNA-introduced clone 32-05-09-H12 was markedly increased. 

Table 3 



Ratio of fucose-f ree sugar chains of antibody produced by each clone 


Strain 


Ratio of f ucose-free sugar chain 


32-05-09 
32-05-09-H12 


8% 
56% 



INDUSTRIAL APPLICABILITY 

[04201 The present Invention can provide a cell In which the activity of a protein relating to transport of an intracellular 
sugar nucleotide, GDP-fucose, to the Golgi body is more decreased or deleted than its parent cell; a process for 
producing an antibody composition using the cell; a transgenic non-human animal or plant or the progenies thereof, 
in which genome is modified so as to have a decreased or deleted activity of a protein relating to transport of an 
intracellular sugar nucleotide, GDP-fucose, to the Golgi body; a process for producing an antibody composition from 
the animal or plant; and a medicament comprising the antibody composition. 
[0421] Free Text in Sequence Listing 

SEQ ID NO;5 - Explanation of synthetic sequence: synthetic DNA 
SEQ ID NO:6 - Explanation of synthetic sequence: synthetic DNA 
SEQ ID NO:7 - Explanation of synthetic sequence: synthetic DNA 
SEQ ID NO:8 - Explanation of synthetic sequence: synthetic DNA 
SEQ ID NO:9 - Explanation of synthetic sequence: synthetic DNA 
SEQ ID NO:10 - Explanation of synthetic sequence: synthetic DNA 
SEQ ID NO:11 - Explanation of synthetic sequence: synthetic DNA 
SEQ ID NO:12 - Explanation of synthetic sequence: synthetic DNA 
SEQ ID NO:13 - Explanation of synthetic sequence: synthetic DNA 
SEQ ID NO:14 - Explanation of synthetic sequence: synthetic DNA 
SEQ ID NO;17 - Explanation of synthetic sequence: synthetic DNA 
SEQ ID NO:18 - Explanation of synthetic sequence: synthetic DNA 
SEQ ID NO:19 - Explanation of synthetic sequence: synthetic DNA 
SEQ ID NO:20 - Explanation of synthetic sequence: synthetic DNA 
SEQ ID NO:21 - Explanation of synthetic sequence: synthetic DNA 
SEQ ID NO:22 - Explanation of synthetic sequence: synthetic DNA 
SEQ ID NO:23 - Explanation of synthetic sequence: synthetic DNA 
SEQ ID NO:24 - Explanation of synthetic sequence: synthetic DNA 
SEQ ID NO:25 - Explanation of synthetic sequence: synthetic DNA 
SEQ ID NO:26 - Explanation of synthetic sequence: synthetic DNA 
SEQ ID NO:27 - Explanation of synthetic sequence: synthetic DNA 
SEQ ID NO:28 - Explanation of synthetic sequence: synthetic DNA 
SEQ ID NO:33 - Explanation of synthetic sequence: synthetic RNA 
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SEQUENCE LISTING 



<110> KYOWA HAKKO KOGYO CO., LTD. 

<120> Cells in which activity of the protein involved in transportation 
of GDP-fucose is reduced or lost 



<130> P044079 

<150> JP 2002-106952 
<151> 2002-04-09 



<160> 35 

<170> Patentln Ver. 2. 1 



<210> 1 
<211> 1245 
<212> DNA 

<213> Cricetulus griseus 



gaacttcacc caagccatgt gacaattgaa ggctgtaccc ccagacccta acatcttgga 60 
gccctgtaga ccagggagtg cttctggccg tggggtgacc tagctcttct accaccatga 120 
acagggcccc tctgaagcgg tccaggatcc tgcgcatggc gctgactgga ggctccactg 180 
cctctgagga ggcagatgaa gacagcagga acaagccgtt tctgctgcgg gcgctgcaga 240 
tcgcgctggt cgtctctctc tactgggtca cctccatctc catggtattc ctcaacaagt 300 
acctgctgga cagcccctcc ctgcagctgg atacccctat cttcgtcact ttctaccaat 360 
gcctggtgac ctctctgctg tgcaagggcc tcagcactct ggccacctgc tgccctggca 420 
ccgttgactt ccccaccctg aacctggacc ttaaggtggc ccgcagcgtg ctgccactgt 480 
cggtagtctt cattggcatg ataagtttca ataacctctg cctcaagtac gtaggggtgg 540 
ccttctacaa cgtggggcgc tcgctcacca ccgtgttcaa tgtgcttctg tcctacctgc 600 
tgctcaaaca gaccacttcc ttctatgccc tgctcacatg tggcatcatc attggtggtt 
tctggctggg tatagaccaa gagggagctg agggcaccct gtccctcata ggcaccatct 
tcggggtgct ggccagcctc tgcgtctccc tcaatgccat ctataccaag aaggtgctcc 
cagcagtgga caacagcatc tggcgcctaa ccttctataa caatgtcaat gcctgtgtgc 
tcttcttgcc cctgatggtt ctgctgggtg agctccgtgc cctccttgac tttgctcatc 
tgtacagtgc ccacttctgg ctcatgatga cgctgggtgg cctcttcggc tttgccattg 
gctatgtgac aggactgcog atcaaattca ccagtcccct gacccacaat gtatcaggca 
cagccaaggc ctgtgcgcag acagtgctgg ccgtgctcta ctatgaagag actaagagct 
tcctgtggtg gacaagcaac ctgatggtgc tgggtggctc ctcagcctat acctgggtca 140 
ggggctggga gatgcagaag acccaagagg accccagctc caaagagggt gagaagagtg 1Z0O 
ctattggggt gtgagcttct tcagggacct gggactgaac ccaag 



720 
780 
840 
900 
960 
1020 
1080 



1245 



<210> 2 
<2ll> 365 
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25 



<212> PRT 

<213> Cricetulus griseus 
<400> 2 

Met Asn Arg Ala Pro Leu Lys Arg Ser Arg He Leu Arg Met Ala Leu 

1 5 10 15 

Thr Gly Gly Ser Thr Ala Ser Glu Glu Ala Asp Glu Asp Ser Arg Asn 

20 25 30 

Lys Pro Phe Leu Leu Arg Ala Leu Cln He Ala Leu Val Val Ser Leu 

35 40 45 

Tyr Trp Val Thr Ser He Ser Met Val Phe Leu Asn Lys Tyr Leu Leu 
15 50 55 60 

Asn Ser Pro Ser Leu Gin Leu Asp Thr Pro lie Phe Val Thr Phe Tyr 

65 70 75 80 

Gin Cys Leu Val Thr Ser Leu Leu Cys Lys Gly Leu Ser Thr Leu Ala 

85 90 95 

Thr Cys Cys Pro Gly Thr Val Asp Phe Pro Thr Leu Asn Leu Asp Leu 

100 105 110 

Lys Val Ala Arg Ser Val Leu Pro Leu Ser Val Val Phe He Gly Met 

115 120 125 

He Ser Phe Asn Asn Leu Cys Leu Lys Tyr Val Gly Val Ala Phe Tyr 

130 135 HO 

Asn Val Gly Arg Ser Leu Thr Thr Val Phe Asn Val Leu Leu Ser Tyr 
M 5 150 155 160 

30 Leu Leu Leu Lys Gin Thr Thr Ser Phe Tyr Ala Leu Leu Thr Cys Gly 

165 HO 175 

lie He He Gly Gly Phe Trp Leu Gly He Asp Gin Glu Gly Ala Glu 
180 185 190 

35 Gly Thr Leu Ser Leu He Gly Thr He Phe Gly Val Leu Ala Ser Leu 

195 200 205 

Cys Val Ser Leu Asn Ala He Tyr Thr Lys Lys Val Leu Pro Ala Val 

210 215 220 

Asp Asn Ser He Trp Arg Leu Thr Phe Tyr Asn Asn Val Asn Ala Cys 
40 225 230 235 240 

Val Leu Phe Leu Pro Leu Met Val Leu Leu Gly Glu Leu Arg Ala Leu 

246 250 255 

Leu Asp Phe Ala His Leu Tyr Ser Ala His Phe Trp Leu Met Met Thr 
is 260 265 270 

Leu Gly Gly Leu Phe Gly Phe Ala He Gly Tyr Val Thr Gly Leu Gin 

275 280 285 

He Lys Phe Thr Ser Pro Leu Thr His Asn Val Ser Gly Thr Ala Lys 

290 295 300 

Ala Cys Ala Gin Thr Val Leu Ala Val Leu Tyr Tyr Glu Glu Thr Lys 
305 310 315 320 

Ser Phe Leu Trp Trp Thr Ser Asn Leu Met Val Leu Gly Gly Ser Ser 

325 330 335 

Ala Tyr Thr Trp Val Arg Gly Trp Glu Met Gin Lys Thr Gin Glu Asp 
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340 345 350 

Pro Ser Ser Lys Glu Gly Glu Lys Ser Ala lie Gly Val 
355 • 360 365 



<210> 3 
10 <211> 1095 



<212> DNA 

<213> Homo sapiens 



ggctacgtga caggactgca gatcaagttc accagtccgc tgacccacaa tgtetcgEfic 
acggccaagg cctgtgccca gacagtgctg gccgtgctct actacgagga gaccaegagc 
ttcctctggt ggacgagcaa catgatggtg ctgggcggct cctccgccta cacctgggtc 
» aggggctggg agatgaagaa gactccggag gagcccagcc ccaaagacag cgagaagagc 

gccatggggg tgtga 



<210> 4 

<211> 364 

<212> PRT 

<213> Homo sapiens 

<400> 4 

Met Asn Arg Ala Pro Leu Lys Arg Ser Arg lie Leu His Met Ala Leu 
I 5 10 15 

Thr Gly Ala Ser Asp Pro Ser Ala Glu Ala Glu Ala Asn Gly Glu Lys 

20 25 30 

Pro Phe Leu Leu Arg Ala Leu Gin lie Ala Leu Val Val Ser Leu Tyr 

35 40 45 

Trp Val Thr Ser lie Ser Met Val Phe Leu Asn Lys Tyr Leu Leu Asp 

50 55 60 

Ser Pro Ser Leu Arg Leu Asp Thr Pro lie Phe Val Thr Phe Tyr Gin 



60 



f5 <400> 3 

atgaataggg cccctctgaa gcggtccagg atcctgcaca tggcgctgac cggggcctca 
gacccctctg cagaggcaga ggccaacggg gagaagccct ttctgctgcg ggcattgcag 120 
atcgcgctgg tggtctccct ctactgggtc acctccatct ccatggtgtt ccttaataag 180 
tacctgctgg acagcccctc cctgcggctg gacaccccca tcttcgtcac cttctaccag 240 

20 tgcctggtga ccacgctgct gtgcaaaggc ctcagcgctc tggccgcctg ctgccctggt 

gccgtggact tccccagctt gcgcctggac ctcagggtgg cccgcagcgt cctgcccctg 
tcggtggtct tcatcggcat gatcaccttc aataacctct gcctcaagta cgtcggtgtg 
gccttctaca atgtgggcog ctcactcacc accgtcttca acgtgctgct ctcctacctg 

25 ctgctcaagc agaccacctc cttctatgcc ctgctcacct gcggtatcat catcgggggc 

ttctggcttg gtgtggacca ggagggggca gaaggcaccc tgtcgtggct gggcaccgtc 
ttcggcgtgc tggctagcct ctgtgtctcg ctcaacgcca tctacaccac gaaggtgctc 
ccggcggtgg acggcagcat ctggcgcctg actttctaca acaacgtcaa cgcctgcatc 



300 
360 
420 
480 
540 
600 
660 
720 

ctcttcctgc ccctgctcct gctgctcggg gagcttcagg ccctgcgtga ctttgcccag 780 
30 ctgggcagtg cccacttctg ggggatgatg acgctgggcg scctgtttgg ctttgccatc 840 

960 
1020 
1080 
1095 



53 
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65 70 75 80 



Cys 


Leu 


Val 


Thr 


Thr 


Leu 


Leu 


Cys 


Lys Gly Leu Ser Ala Leu Ala Ala 










85 








90 95 


Cys 


Cys 


Pro 


Cly 


Ala 


Val 


Asp 


Phe 


Pro Ser Leu Arg Leu Asp Leu Arg 








100 










105 110 


Val 


Ala 


Arg 


Ser 


Val 


Leu 


Pro 


Leu 


Ser Val Val Phe He Gly Met He 






115 










120 


125 


Thr 


Phe 


Asn 


Asn 


Leu 


Cys 


Leu 


Lys 


Tyr Val Gly Val Ala Phe Tyr Asn 




130 










135 




140 


Val 


Gly 


Arg 


Ser 


Leu 


Thr 


Thr 


Val 


Phe Asn Val Leu Leu Ser Tyr Leu 


145 










150 






155 160 


Leu 


Leu 


Lvs 


Gin 


Thr 


Thr 


Ser 


Phe 


Tyr Ala Leu Leu Thr Cys Gly He 










165 








170 175 


lie 


He 

lie 


Glv 


Glv 


Phe 


Trp 


Leu 


Gly 


Val Asp Gin Glu Gly Ala Glu Gly 








180 










185 190 






Ser 


Tro 


Leu 


Gly 


Thr 


Val 


Phe Gly Val Leu Ala Ser Leu Cys 
















200 


205 


Vol 


OBJ 


\ Alt 
Leu 


A 


Ala 


He 


Tvr 


Thr 


Thr Lys Val Leu Pro Ala Val Asp 














215 




220 


Gl V 


Ser 


lie 


Trn 


Arg 


Leu 


Thr 


Phe 


Tyr Asn Asn Val Asn Ala Cys lie 












230 






235 240 


Leu 


rne 


I All 


Pro 


1 oil 


Leu 


Leu 


Leu 


Leu Glv Glu Leu Gin Ala Leu Are 










245 








250 255 


A on 


rn& 


Ala 


Gin 


Leu 


Glv 


Ser 


Ala 


His Phe Trp Gly Met Met Thr Leu 








260 










265 270 


Glv 


GlY 


Leu 


Phe 


Gly 


Phe 


Ala 


He 


Gly Tyr Val Thr Gly Leu Gin He 






275 










280 


285 


Lys 


Phe 


Thr 


Ser 


Pro 


Leu 


Thr 


His 


Asn Val Ser Gly Thr Ala Lys Ala 




290 










295 




300 


Cys 


Ala 


Gin 


Thr 


Val 


Leu 


Ala 


Val 


Leu Tyr Tyr Glu Glu Thr Lys Ser 


305 










310 






315 320 


Phe 


Leu 


Trp 


Trp 


Thr 


Ser 


Asn 


Met 


Met Val Leu Gly Gly Ser Ser Ala 










325 








330 335 


Tyr 


Thr 


Trp 


Val 


Arg 


Gly 


Trp 


Glu 


Met Lys Lys Thr Pro Glu Glu Pro 








340 










345 350 


Ser 


Pro 


Lys 


Asp 


Ser 


Glu 


Lys 


Ser 


Ala Met Gly Val 



355 360 364 



<210> 5 
<211> 37 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Synthetic DNA 
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<400>5 

gcaagcttcc gccatgaata gggcccctct gaagcgg 



<210> 6 
<211> 34 
<212> DNA 

<2l3> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Synthetic DNA 
<400> 6 

gctctagatc acacccccat ggcgctcttc tcgc 



37 



<210> 7 
<211> 53 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Synthetic DNA 

30 <400> 7 

gcaagcttcc gccatggaga agccctttct gctgcgggca ttgcagatcg cgc 



34 



53 



<210> 8 
<211> 34 
<212> DNA 

<213> Artificial Sequence 



<223> Description of Artificial Sequence : Synthetic DNA 
<400> 8 

gctctagatc acacccccat ggcgctcttc tcgc 



<210> 9 

50 <211> 24 

<212> DNA 

<213> Artificial Sequence 

55 <220> 

<223> Description of Artificial Sequence : Synthetic DNA 
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<400> 9 

gagatggagg tgacccagta gaga 



<210> 10 
<211> 24 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Synthetic DNA 
<400> 10 

gagagagacg accagcgcga tctg 



<210> 11 

<211> 24 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Synthetic DNA 

<400> 11 

gccattggct atgtgacagg actg 



<210> 12 

<211> 24 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Synthetic DNA 

<400> 12 

gcagatcaaa ttcaccagt cccc 



<210> 13 

<211> 23 

<212> DNA 

<213> Artificial Sequence 
<220> 



56 
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<223> Description of Artificial Sequence - Synthetic DNA 
<400> 13 

gaacttcacc caagccatgt gac 



<210> 14 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Synthetic DNA 
<400> 14 

cttgggttca gtcccaggtc 



<210> 15 
<211> 18 
<212> PRT 

<213> Homo sapiens 
<400> 15 

Asp Glu Ser lie Tyr Ser Asn Tyr Tyr Leu Tyr Glu Ser He Pro 
15 10 15 

Pro Cys 



<210> 16 
<211> 19 
<212> DNA 

<213> Cricetulus griseus 

<220> 
<400> 16 

gcgcctaacc ttctataac 



<210> 17 
<2U> 42 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
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<400> 17 

gctctagaga attcaaggtc gggcaggaag agggcctatt tc 



<210> 18 
<211> 46 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 18 

cgggatcctt cacgtgtttc gtcctttcca caagatatat aaagcc 



<210> 19 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 19 

cagatctgcg gccgcgagct 

<210> 20 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 20 

cgcggccgca gatctgagct 

<210> 21 
<211> 37 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
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<400> 21 

cgggatccaa ggtcgggcag gaagagggcc tatttcc 



<210> 22 
<211> 46 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 22 

cggaattctt cacgtgtttc gtcctttcca caagatatat aaagcc 



37 



<210> 23 
<211> 26 
25 <212> DNA 



<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 23 

cgcgcctaac cttctataac tttttg 



<210> 24 
<211> 30 
<232> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<40O> 24 

gatccaaaaa gttatagaag gttaggcgcg 



50 <210> 25 

<211> 26 



55 



<212> DNA 

<213> Artificial Sequence 
<220> 
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<223> Description of Artificial Sequence: Synthetic DNA 
<400> 25 

cgttatagaa ggttaggcgc tttttt 



<210> 26 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 26 

aattaaaaaa gcgcctaacc ttctataacg 



<210> 27 
<211> 25 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 27 

tctggcgcct gactttctac aacaa 



<210> 28 
<211> 25 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 28 

accatcatgt tgctcgtcca ccaga 



<210> 29 
<211> 2609 
<212> DNA 
<213> Mus musculus 
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<400> 29 

gagccgaggg tggtgctgca ggtgcar.ccg agggcaccgc cgagggtgag caccaggtcc 60 
ctgcatcagc caggacecca gagcccagtc gggtggacgg acgggcgcct ctgaagcggt 120 
ccaggatcct gcgcatggcg ctgactggag tctctgctgt ctccgaggag tcagagagcg 180 
ggaacaagcc atttctgctc cgggctctgc agatcgcgct ggtggtctct ctctactggg 
tcacctccat ttccatggta ttcctcaaca agtacctgct ggacagcccc tccctgcagc 
tggatacccc catttttgtc accttctacc aatgcctggt gacctcactg ctgtgcaagg 
gcctcagcac tctggccacc tgctgccccg gcatggtaga cttccccacc ctaaacctgg 
acctcaaggt ggcccgaagt gtgctgccgc tgtcagtggt ctttatcggc atgataacct 
tcaataacct ctgcctcaag tacgtagggg tgcccttcta caacgtggga cgctcgctca 
ccaccgtgtt caacgltctt ctctcctacc tgctgctcaa acagaccact tccttctatg 
15 ccctgctcac ctgcggcgtc atcattggtg gtttctggct gggtatagac caagaaggag 



10 



ccttttgtac cctcatttcc ttggcgtcat gtttgatgtc tttgtctctt tcgigagaag 
atggggaaac catgtcagcc tctgcttccg acttcccatg ggttctaatg aagttggtgg 
ggcctgatgc cctgagttgt atgtgattt 



240 
300 
360 
420 
480 
540 
600 
660 



ctgagggaac cttgtccctg acgggcacca tcttcggggt gctggccagc ctctgcgtct 720 
ccctcaatgc catctatacc aagaaggtgc tccctgcagt agaccacagt atctggcgcc 



780 



taaccttcta taacaatgtc aatgcctgcg tgctcttctt gcccctgatg atagtgctgg 840 



20 gcgagctccg tgccctccig gccttcactc atctgagcag tgcccacttc tggctcatga 

tgacgctggg tggcctgttt ggctttgcca tcggctatgt gacaggactg cagatcaaat 
tcaccagtcc cctgacccat aacgtgtcag gcacggccaa ggcctgtgca cagacagtgc 
tggccgtgct ctactacgaa gagattaaga gcttcctgtg gtggacaagc aacctgatgg 
25 tgctgggtgg ctcctccgcc tacacctggg tcaggggctg ggagatgcag aagacccagg 

aggaccccag ctccaaagat ggtgagaaga gtgctatcag ggtgtgagct ccttcaggga 
gccagggctg agctcgggtg gggcctgccc agcacggaag gcttcccata gagcctactg 
ggtatggccc tgagcaataa tgtttacatc cttctcagaa gaccatctaa gaagagccag 
gttctttcct gataatgtca gaaagctgcc aaatctcctg cctgccccat cttctagtct 
30 tgggaaagcc ctaccaggag tggcaccctt cctgcctcct cctggggcct gtctacctcc 

atatggtctc tggggttggg gccagctgca ctctttgggc actggactga tgaagtgatg 
tcttactttc tacacaaggg agatgggttg tgaccctact atagctagtt gaagggagct 
gtgtaacccc acatctctgg ggccctgggc aggtagcata atagctaggl gctattaaca 
35 tcaataacac ttcagactac ctttggaggc agttgggagc tgagccgaga gagagagatg 

gccattctgc cctcttctgt gtggatgggt atgacagacc aactgtccat ggggtgactg 
acacctccac acttcatatt ttcaacttta gaaaeggggg agccacacgt tttacagatt 
aagtggagtg atgaatgcct ctacagcccc taaccccact ttccctgcct ggcttctctt 
ggcccagaag ggccaccatc ctgttctcca acacctgacc cagctatctg gctatactct 
40 ctttctgtac tcccttcccc ttcccccccc cattagcctc ctccccaaca cctccatctt 

caggcaggaa gtggggtcca ctcagcctct gttcccatct gcttggaccc ctgagcctct 
catgaaggta ggcttatgtt ctctgaggct ggggccggag gagcgcactg attcteggag 2100 
ttatcccatc aggctcctgt cacaaaatag cctaggccgt gtgtctaaga acagtggagg 
45 ttggcttata actgttctgg gggcagcgaa gcccacatca aggtactcat agacccagta 

tttctgagga aacccctgtc cacatcctca cttggtaaag gcacagataa tctccctcag 
gcctcttgta taggagcact agccctggga gggctccgcc ccatgacctg atcaccccaa 
agccttcaac agaaggattc caacatgaat ttggggacag aagcactcag accacgatgc 
*> ccagcaccac accctcctat cctcagggta gctgtcactg tcctagtccc ttctgtttgg 2460 

2520 
2580 
2609 



900 
960 
1020 
1080 
1140 
1200 
1260 
1320 
1380 
1440 
1500 
1560 
1620 
1680 
1740 
1800 
1860 
1920 
1980 
2040 



2160 
2220 
2280 
2340 
2400 
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<210> 30 

<211> 1053 

^ <212> DMA 

<213> Rattus norvegiucus 

<400> 30 

10 atggcgctga ctggegcctc tgctgtctct gaggaggcag acagcgagaa caagccattt 

ctgctacggg ctctgcagat cgcgctggtg gtttctctct actgggtcac ctccatctcc 

atggtattcc tcaacaagta cctgctggac agcccctccc tgcagctgga tacccccatc 

ttcgtcacct tctaccaatg cctggtgacc tcactgctgt gcaagggcct cagcactctg 

gccacctgct gccctggcat ggtagacttc cccaccctaa acctggacct caaggtggcc 

cgaagtgtgc tgccgctgtc cgtggtcttt atcggcatga taaccttcaa taacctctgc 



15 



40 



45 



60 
120 
180 
240 
300 
360 



ctcaagtacg tgggggtggc cttctacaac gtgggacgct cgctcactac cgtgttcaat 420 

gtgcttctct cctacctgct gcttaaacag accacttcct tttatgccct gctcacctgt 480 

gccatcatca ttggtggttt ctggctggga atagatcaag agggagctga gggcaccctg 540 

20 tccctgacgg gcaccatctt cggggtgctg gccagcctct gtgtctcact caatgccatc 600 

tacaccaaga aggtgctccc tgccgtagac cacagtatct ggcgcctaac cttctataac 660 

aacgtcaacg cctgtgtgct cttcttgccc ctgatggtag tgctgggcga gctccatgct 720 

ctcctggcct tcgctcatct geacagcgcc cacttctggg tcatgatgac gctgggtgga 780 

25 ctcttcggct ttgccattgg ctatgtgaca ggactgcaga tcaaattcac cagtcccctg 840 

acccataatg tgtcgggcac agccaaggcc tgtgcacaga cagtgctggc tgtgctctac 900 

tatgaagaga ttaagagctt cctgtggtgg acaagcaact tgatggtgct gggtggctcc 960 

tctgcctaca cctgggtcag gggctgggag atgcagaaga cccaggagga ccccagctcc 1020 

30 aaagagggtg agaagagtgc tatcggggtg tga 1053 



<210> 31 
<211> 360 
35 <212> PRT 

<213> Mus musculus 

<400> 31 

Met Ala Leu Thr Gly Val Ser Ala Val Ser Glu Glu Ser Glu Ser Gly 

I 5 10 IS 

Asn Lys Pro Phe Leu Lou Arg Ala Leu Gin lie Ala Leu Val Val Ser 

20 25 30 

Leu Tyr Trp Val Thr Ser lie Ser Met Val Phe Leu Asn Lys Tyr Leu 

35 40 45 

Leu Asp Ser Pro Ser Leu Gin Leu Asp Thr Pro He Phe Val Thr Phe 

50 55 60 

Tyr Gin Cys Leu Val Thr Ser Leu Leu Cys Lys Gly Leu Ser Thr Leu 
50 65 70 75 80 

Ala Thr Cys Cys Pro Gly Met Val Asp Phe Pro Thr Leu Asn Leu Asp 

85 90 95 

Leu Lys Val Ala Arg Ser Val Leu Pro Leu Ser Val Val Phe He Gly 
55 ^ 100 105 110 

Met lie Thr Phe Asn Asn Leu Cys Leu Lys Tyr Val Gly Val Pro Phe 
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10 



15 



115 120 125 

Tyr Asn Val Gly Arg Ser Leu Thr Thr Val Phe Asn Val Leu Leu Ser 

130 135 I 40 

Tyr Leu Leu Leu Lys Gin Thr Thr Ser Phe Tyr Ala Leu Leu Thr Cys 
145 150 155 160 

Gly Val lie He Gly Gly Phe Trp Leu Gly lie Asp Gin Glu Gly Ala 

165 170 175 

Clu Gly Thr Leu Ser Leu Thr Gly Thr He Phe Gly Val Leu Ala Ser 

180 185 190 

Leu Cys Val Ser Leu Asn Ala He Tyr Thr Lys Lys Val Leu Pro Ala 

195 200 205 

Val Asp His Ser lie Trp Arg Leu Thr Phe Tyr Asn Asn Val Asn Ala 

210 215 220 

Cys Val Leu Phe Leu Pro Leu Met He Val Leu Gly Glu Leu Arg Ala 
225 230 235 240 

20 Leu Leu Ala Phe Thr His Leu Ser Ser Ala His Phe Trp Leu Met Met 

245 250 255 

Thr Leu Gly Gly Leu Phe Gly Phe Ala He Gly Tyr Val Thr Gly Leu 
260 265 270 

25 Gin He Lys Phe Thr Ser Pro Leu Thr His Asn Val Ser Gly Thr Ala 

275 280 285 

Lys Ala Cys Ala Gin Thr Val Leu Ala Val Leu Tyr Tyr Glu Glu He 

290 295 300 

Lys Ser Phe Leu Trp Trp Thr Ser Asn Leu Met Val Leu Gly Gly Ser 
30 305 310 315 320 

Ser Alo Tyr Thr Trp Val Arg Gly Trp Clu Met Gin Lys Thr Gin Glu 

325 330 335 

Asp Pro Ser Ser Lys Asp Gly Glu Lys Ser Ala lie Arg Val 
340 345 350 



35 



40 



<210> 32 

<211> 350 

<212> PRT 

<213> Rattus norvegiucus 

<400> 32 

45 Met Ala Leu Thr Gly Ala Ser Ala Val Ser Glu Glu Ala Asp Ser Glu 

1 5 10 15 

Asn Lys Pro Phe Leu Leu Arg Ala Leu Gin lie Ala Leu Val Val Ser 
20 25 30 

50 Leu Tyr Trp Val Thr Ser lie Ser Met Val Phe Leu Asn Lys Tyr Leu 

35 40 45 

Leu Asp Ser Pro Ser Leu Gin Leu Asp Thr Pro He Phe Val Thr Phe 
50 55 60 

55 Tyr Gin Cys Leu Val Thr Ser Leu Leu Cys Lys Gly Leu Ser Thr Leu 

65 70 75 80 
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Ala Thr Cys Cys Pro Gly Met Val Asp Phe Pro Thr Leu Asn Leu Asp 

85 90 95 

Leu Lys Val Ala Arg Ser Val Leu Pro Leu Ser Val Val Phe lie Gly 

100 105 HO 

Met He Thr Phe Asn Asn Leu Cys Leu Lys Tyr Val Gly Val Ala Phe 

115 120 125 

Tyr Asn Val Gly Arg Ser Leu Thr Thr Val Phe Asn Val Leu Leu Ser 

130 135 140 

Tyr Leu Leu Leu Lys Gin Thr Thr Ser Phe Tyr Ala Leu Leu Thr Cys 
145 150 155 160 

Ala He lie He Gly Gly Phe Trp Leu Gly lie Asp Gin Glu Gly Ala 

165 170 175 

Glu Gly Thr Leu Ser Leu Thr Gly Thr He Phe Gly Val Leu Ala Ser 

180 185 190 

Leu Cys Val Ser Leu Asn Ala He Tyr Thr Lys Lys Val Leu Pro Ala 

195 200 205 

Val Asp His Ser He Trp Arg Leu Thr Phe Tyr Asn Asn Val Asn Ala 

210 215 220 

Cys Val Leu Phe Leu Pro Leu Met Val Val Leu Gly Glu Leu His Ala 
225 230 235 240 

Leu Leu Ala Phe Ala His Leu Asn Ser Ala His Phe Trp Val Met Met 

245 250 255 

Thr Leu Gly Gly Leu Phe Gly Phe Ala lie Gly Tyr Val Thr Gly Leu 

260 265 270 

Gin He Lys Phe Thr Ser Pro Leu Thr His Asn Val Ser Gly Thr Ala 

275 280 285 

Lys Ala Cys Ala Gin Thr Val Leu Ala Val Leu Tyr Tyr Glu Glu He 

290 295 300 

Lys Ser Phe Leu Trp Trp Thr Ser Asn Leu Met Val Leu Gly Gly Ser 
305 310 315 320 

Ser Ala Tyr Thr Trp Val Arg Gly Trp Glu Met Gin Lys Thr Gin Glu 

325 330 335 

Asp Pro Ser Ser Lys Glu Gly Glu Lys Ser Ala He Gly Val 
340 345 350 



<210> 33 
<211> 19 
<212> RNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 33 

gcgccuaacc uucuauaac 
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<210> 34 
5 <211> 7752 

<212> DNA 

<213> Mus musculus 
10 <400> 34 

agcgttgcaa gttcagccga gggtggtgct gcaggtgcac ccgagggcac cgccgagggt 60 

gagcaccagg tccctgcatc agccaggaca ccagagccca gtcgggtgga cggacggtac 120 

gttctggaag ggaaagggcc ccgggaaggg gatacagcat tgagaagctc agaggctttg 180 

gtctgggcat ccagaatgga ctttatctgg aggaggtgac atggcttctc gcctctggaa 240 

gtgctgcttg gatctccggg acttcatgtc ctgactaggt ctggaagcgg tgaaaatagg 300 

ggtaggaaaa aaggagagga ctgcaacaag gtcttcccga gtggcctgag ctcgagggac 360 

gagggaggtg caacggtggg gagccgggcg caagggctgg gcggagggag ggggggggtc 420 

tccctaagca gaaaggtggt attccatttt ctgggtagat ggtgaagatg cacctgaccg 480 

20 agtctggtcg atctgaagat atcaggggaa aagatagtgc gggtggaggg gagaatgaca 640 

gaaccttcca gaaaatggga gaggctatag cacttgeaaa cccttccctg atctccgggg 600 

actcccggaa gaagagggca ggtctgtggg cataggtgca gacttgccgg ggagctcttg 660 

acggccgcgg gaagtggcaa cggcctgcga gctggccctt taaggcggct cgtaggcgtg 720 

25 tcaggaaatg cgcgcagggc ccgccctgct cggtaagtgg cccgggaccc gcgtcgctga 780 

gccggaactt gaattcggct cgtggcaacc gcagggcctt gctccggtca ggcccctgtc 840 

cgtgtccctc gagacgcctt cctgagcctc ggtgatctcc ctgcagcacg ccctcctttc 900 

ggctctgcgg gtgcttccgg gggttcccgc agcccatgct tcccacgcgg tccgcgtcca 960 

gttatttcct cctccgctcc gtccttcctt cgctctctcg cttcctttct ccctgcgact 1020 

30 cacgtgtccc ctgtcctcaa actggccatg gctgtcaaag cccacatcct tagttaggcc 1080 

ccttctccct tccctgggtc ttgtttcgtg acaccacctc cctcccccgc cccgggagcg 1140 

agcaagatga ggagcggtgc acctcggcaa atccggaagc agaacttcat ccaagaagga 1200 

ggggaccgat aggtcatccc atgtgacagt tgaaggctgc agccacagac cctagctgct 1260 

35 tgaagccctg tagtccaggg actgcttctg gccgtaaggt gacccagctc ttctgccacc 1320 

atgaacaggg cgcctctgaa gcggtccagg atcctgcgca tggcgctgac tggagtctct 1380 

gctgtctccg aggagtcaga gagcgggaac aagccatttc tgctccgggc tctgcagatc 1440 

gcgctggtgg tctctctcta ctgggtcacc tccatttcca tggtattcct caacaagtac 1500 

40 ctgctggaca gcccctccct gcagctggat acccccattt ttgtcacctt ctaccaatgc 1560 

ctggtgacct cactgctgtg caagggcctc agcactctgg ccacctgctg ccccggcatg 3 620 

gtagacttcc ccaccctaaa cctggacctc aaggtggccc gaagtgtgct gccgctgtca 1680 

gtggtcttta tcggcatgat aaccttcaat aacctctgcc tcaagtacgt aggggtgccc 1740 

ttctacaacg tgggacgctc gctcaccacc gtgttcaacg ttcttctctc ctacctgctg 1800 

45 ctcaaacaga ccacttcctt ctatgccctg ctcacctgcg gcgtcatcat tggtgagtgg 1860 

gactgggggc gtggggagca ggaatcgtaa agatcaatac cacattactc attatctgtc 1920 

ccaggtcttt tgcaccacca gtcataggga gagacctgta gagaacaaat aacttcctta 1980 

ctgtgactca gtaagttagg gatccagcca aggtgaacat aataatgtta ggcagacact 2040 

50 acagcaaagc cagccagaca ctcagatcta gctaagcatt tgagccatgt taatgtaacg 2100 

gatccccatt acaaggtata atatagctgc gttttatgga gagaaaccca aggcacagag 2160 

aagctaagta gctgggatca cacaggtaat cactgacgta gcagaaattt gcacataagc 2220 

agttacctcc ataggttaca ctcttgacca acacaccact gttctcaaga ggtcaagggt 2280 

55 gaactcaggt catcacaatt ggcacaagta cctctaccca ctgagccatt tcagtggtcc 2340 

agtcaatatg tgtgtgcttt aagaggcttt aactaccttc tcagatgtga ccataagtaa 2400 
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ttaattaccg ataggagcgt tgtgctgatc attacacttg tagcatcctc tttattgtac 2460 
ccataagctc tctgagtggc ggcatctctg tgaaactgca gctcggagag gctgcgctcc 2520 
5 ttgccacagc cccacaacta agaagcagat agtctgggac gcagtcccca gttggtcata 2580 

ctccctggcc tgtgtttcaa gccagtctgc tttgctcctg acccttggga gttagcgcaa 2640 
tgaaaaccaa cactatcact acagtctaaa tgtgctttta aatgaaagcc caggaacttt 2700 
gaagcatccg gccccttaac ggcagccact atgtcctgat tccgccaaca tcttttcagt 2760 
10 gcccggcagt cacatggagc aagggcctct tggcttggac agcatgtgtt agggaacatg 2820 

tttgccactt tgaatgaatt tagtggctgc tgggttacag agaccagggc atctttcccc 2880 
tcagagtcct gaatgaacga aaagcaacct tcatttgtac ctgctctgga ttttagttcg 2940 
tcttgtttgg cctatttaga tgtccctggt gtctctgagg cccaggctgg gtgctctaga 3000 
tgtagggacc aggccaacct gtactgtctt ccctagaaac attgccctgg ttgggcagct 3060 
cctggatcca gggttaaggg gtctgggcgg agagaggtca gatagtggca ggatgcctcc 3120 
cactgccccc acatacatac cctaagagat ctggtactcc tccttccagc ctacaagcta 3180 
ccgtggggtc ccacttcagt ccaccagccc tgccaacgtt agaggggatg ggcctcctag 3240 
taggagaact tacatgcagg aaggtacagt ctctggagaa cctgagcccg ggtccccaae 3300 
20 gggacaagta gctgatagtg aggcagctga gccccatggc ggcctgccca agtggcacgg 3360 

gaaagtggag ctctctgctg cccccactac tggccccatc tcttggctct cccctccctt 3420 
cctcctgtgg agaaggccca tctctggaaa ggcctcctag acatgcggca ctttgcaaag 3480 

cctgtcgggc tcacagcccc tctagggtct aggaccttga gaatgaagaa tggagtcact 3540 

25 tctagactct agtggtaacc accaggaggt acagggtgct ctgactgtgc agggaaaccc 3600 

accgtgggct ctgctgagcc aagtgcctgt gaggctggag agtctggtgc ccttgttctg 3660 

agatagcatc ttgctatgtt gccctcaagt cccaggcaac tggggctgca ggagcaccac 3720 

cttgcctctc tccagcttct tgaagacttg tacctttctc ctagcagtct ctatctgctc 3780 

tcactccatc cattgagcag ctattagctt gtggccaagt attttccagg ccctgtaotg 3840 

30 agttttaggg tacaagtttg agaaaggaag ggtggggtcc ttgctcctgg tccgtgaatg 3900 

atgttgatgg cagaaacgat agttacacta gatgctaagg gctgtgggta tctagaggga 3960 

gcagggagca tgtgggataa cctgagcagg cctagctgaa aagtcattgc tggcatgaga 4020 

ctgctccagt agtacaggct gggaacacac atttgaatgt ttcctgaaga cagttgggag 4080 

35 ccacaggaaa tatccactgt agaaagatta tttagttgta agacagagta gtagattggt 4140 

taacatagta gcaaaaacgt ggccccagtt tttacagatg asgggaattg gaactcagag 4200 

aggttaagta acttctccca agcagctcag ctacaaaaat cacagaacag gcaggggcct 4260 

gatggctctg atgcctgtgc tggtcccact attccatgtt gctaattcct gcagcagcag 4320 

^ taaacctctg ccttgtggaa atgaggagtc taaataaaga gaccatagca ttgccacaag 4380 

caggtttcta ccaactgggg gtggcaagga atgctgtgtt agcagcagga agctgggaag 4440 

aggctgagta ctggggggat gaggaaggga tccccaggag aggctgactt tggccttgaa 4500 

gaatggtgga gtccctggaa agatgcagat acacagagct ctgtggatat acagagaagt 4560 

ggggagctaa gtaggtggct tggggccatc atgtgacaga ggaagtcggg ctagatgcag 4620 

45 gaagcccggt gctgtggcct agggagccat gtaggttctt tgagcagggg gcgggggggg 4680 

gggggggtga cccaggagtg actgtaaaca acatcaggcc atgagcagct ctgacctaat 4740 

gttctcacca agggagccag aaccaaggct tagagccctg tcccttttta gtgtccaagg 4800 

tcactttact ggccctcttc ctttacagct gttggccccc acaggccatc aggcacctat 4860 

so gctattttat tttatagcct tcattacaat gactacaatt gtaattagag agttgacagg 4920 

gtcacatctg tccttataia ttccccctct gctaagttct gcctgggaga atgtggaggg 4980 

tattggtgaa atttggggaa gttataaccc ccccacccct gcccccaccc cctgctttgc 5040 

tccctttatc tgcagggcat ttctgtgccc actttagccc atatagctcc caaataaatg 6100 

55 acacagaaac ctggtatttt cattaacaaa ctgctggcac tctgctgggc aggttctgag 5160 

ctgttctaac cctctaagct gctaatgccc agatagatgc cccaatgctt gccatccgag 5220 
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25 



35 



55 



tgtcctcatc cctccttacc gtgtcactct tctgtctgtt gcaggtggtt tctggctggg 5760 
tatagaccaa gaaggagctg agggaacctt gtccctgacg ggcaccatct tcggggtgct 5820 
ggccagcctc tgcgtctccc tcaatgccat ctataccaag aaggtgctcc ctgcagtaga 5880 
15 ccacagtatc tggcgcctaa ccttctataa caatgtcaat gcctgcgtgc tcttcttgcc 5940 

* *• *• "" 6000 

6060 



<210> 35 
<211> 4039 



5280 
5340 
5400 



tctttctctg gcttgctctg ctccatgtgt gacctcatgg tgaatcctcc tgatttcccc 
acatggcctc tccacacttt tccttctccc ctctctctac cagggaccct ctcactggga 

s cccgatgtcc catctgtact gtcctctccc acccagtcat aggctgattg agtctttatt 

aaccaatcag agatgatgga aaaacagttt ttacatagca ctgaggatgg agatgcttga 5460 
cccttgagat gcttgcccgt aacctgtact gtatccagat gtctgggccc ccaaatcagc 
aggtgaatac acagtacaca ggactgaccc ccaacagagg gggaacacag gttctcactc 

10 tgggctccac gccctcggcc ctttcttagt gcaggggtta gactttgtat gtgttgatga 

tgaggtaagg gccatggaac agtcagaacg gtggtgtcag aatcctgtcc ctctccctcc 5700 



5520 
5580 
5640 



cctgatgata gtgctgggcg agctccgtgc cctcctggcc ttcactcatc tgagcagtgc 
ccacttctgg ctcatgatga cgctgggtgg cctgtttggc tttgccatcg gctatgtgac 
aggactgcag atcaaattca ccagtcccct gacccataac gtgtcaggea cggccaaggc 6120 
20 ctgtgcacag acagtgctgg ccgtgctcta ctacgaagag attaagagct tcctgtggtg 6180 

gacaagcaac ctgatggtgc tgggtggctc ctccgcctac acctgggtca ggggetggga 
gatgcagaag acccaggagg accccagctc caaagatggt gagaagagtg ctatcagggt 
gtgagctcct tcagggagcc agggctgagc tcgggtgggg cctgcccagc acggaaggct 
tcccatagag cctactgggt atggccctga gcaataatgt ttacatcctt ctcagaagac 6420 
catctaagaa gagccaggtt ctttcctgat aatgtcagaa agctgccaaa tctcctgcct C " Q " 
gccccatctt ctagtcttgg gaaagcccta ccaggagtgg cacccttcct gcctcctcct 
ggggcctgtc tacctccata tggtctctgg ggttggggcc agctgcactc tttgggcact 
ggactgatga agtgatgtct tactttctac acaagggaga tgggttgtga ccctactata 
30 gctagttgaa gggagctgtg taaccccaca tctctggggc cctgggcagg tagcataata 

gctaggtgct attaacatca ataacacttc agactacctt tggaggcagt tgggagctga 6780 

• — - 6840 

6900 
6960 
7020 
7080 



6240 
6300 
6360 



6480 
6540 
6600 
6660 
6720 



gccgagagag agagatggcc attctgccct cttctgtgtg gatgggtatg acagaccaac 
tgtccatggg gtgactgaca cctccacact tcatattttc aactttagaa aagggggagc 
cacacgtttt acagattaag tggagtgatg aatgcctcta cagcccctaa ccccactttc 
cctgcctggc ttctcttggc ccagaagggc caccatcctg ttctccaaca cctgacccag 
ctatctggct atactctctt tctgtactcc cttccccttc ccccccccat tagcctcctc 
cccaacacct ccatcttcag gcaggaagtg gggtccactc agcctctgtt cccatctgct 7140 
tggacccctg agcctctcat gaaggtaggc ttatgttctc tgaggctggg gccggaggag 7200 
40 cgcactgatt ctcggagtta tcccatcagg ctcctgtcac aaaatagcct aggccgtgtg 7260 

tctaagaaca gtggaggttg gcttataact gttctggggg cagcgaagcc cacatcaagg 7320 
tactcataga cccagtattt ctgaggaaac ccctgtccac atcctcactt ggtaaaggca 7380 
cagataatct ccctcaggcc tcttgtatag gagcactagc cctgggaggg ctccgcccca 7440 
45 tgacctgatc accccaaagc cttcaacaga aggattccaa catgaatttg gggacagaag 7500 

cactcagacc acgatgccca gcaccacacc ctcctatcct cagggtagct gtcactgtcc 
tagtcccttc tgtttggcct tttgtaccct catttccttg gcgtcatgtt tgatgtcttt 
gtctctttcg tgagaagatg gggaaaccat gtcagcctct gcttccgact tcccatgggt 
so tctaatgaag ttggtggggc ctgatgccct gagttgtatg tgatttaata aaaaaaaaat 7740 

7752 

ttttttaaaa ac 



7560 
7620 
7680 
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10 



15 



25 



40 



55 



aaatatatcc gaattttaca gagggaaaac caaggcacag agaggctaag tagcttgacc 

aggatcacac agctaataat cactgacata gctgggattt aaacataagc agttacctcc 

atagatcaca ctatgaccac catgccactg ttccttctca agagttccag gatcctgtct 

gtccagttct ctttaaagag gacaacacat ctgacattgc taccttgagg taacatttga 



60 
120 



240 
300 



<212> DNA 

<213> Cricetulus griseus 
<400> 35 

gaacttcacc caagccatgt gacaattgaa ggctgtaccc ccagacccta acatcttgga 
gccctgtaga ccagggagtg cttctggccg tggggtgacc tagctcttct accaccatga 
acagggcccc tctgaagcgg tccaggatcc tgcgcatggc gctgactgga ggctccactg 180 
cctctgagga ggcagatgaa gacagcagga acaagccgtt tctgctgcgg gcgctgcaga 
tcgcgctggt cgtctctctc tactgggtca cctccatctc catggtattc ctcaacaagt 
acctgctgga cagcccctcc ctgcagctgg atacccctat cttcgtcact ttctaccaat 360 
gcctggtgac ctctctgctg tgcaagggcc tcagcactct ggccacctgc tgccctggca 420 
ccgttgactt ccccaccctg aacctggacc ttaaggtggc ccgcagcgtg ctgccactgt 480 
cggtagtctt cattggcatg ataagtttca ataacctctg cctcaagtac gtaggggtgg 540 
ccttctacaa cgtggggcgc tcgctcacca ccgtgttcaa tgtgcttctg tcctacctgc 600 
tgctcaaaca gaccacttcc ttctatgccc tgctcacatg tggcatcatc attggtgagt 660 
20 ggggcccggg ggctgtggga gcaggatggg catcgaactg aagccctaaa ggtcaacact 720 

gtaggtacct ttacttactg tcccaggtcc cttgcatcag cagttacagg aagagccctg 780 
tagaaaacaa ataacttcct tatggtcatt caacaagtta gggacccagc cagggtgaaa 
ataatgttag cagcaactac agcaaagatg gctctcgcca cttgcatgat taaaatgtgc 
caggtactca gatcyaagca ttggatccac attaactcaa ctaatcccta ttacaaggta 960 



840 
900 



1020 
1080 
1140 
1200 



30 aatagtgggt agacatatgt tttaagtttt attcttrctt tttatgygtg tgtgtttggg 1260 



1320 



gggccaccac agtgtatggg tggagataag gggacaactt aagaattggt cctttctccc 

accacatggg tgctgaggtc tgaactcagg tcatcaggat tggcacaaat ccctttaccc 1380 

actgagccat ttcactggtc caatatatgt gtgcttttaa gaggctttaa ctattttccc 1440 

35 agatgtgaat gtcctgctga tcattatccc cttttacccg gaagccctct gggaggtgcc 15O0 

atccctgtgg tcgtctgcat acaaatgggg aaactgcaac tcagagaaac aaggctactt 1560 

gccagggccc cacaagtaag ataggctggg atgccatccc agactggcca cactccctgg 1620 

cctgtgcttc aagccagttt actttgttcc tgcccattgg aagttagcat gttgcagtca 1680 

aacacaataa ctacaggcca aaagtgcttt taaattaaag tcagatgaac ttttaaacat 1740 



1800 



ccagagctcc tcaactgcag gagttacaac ctgattctgc aaccatcttt gcagtgcccg 
gtagtcatat gtagctagag gctcttggct aggacagcat gtgttaggaa acatctggcc 1860 
ctgagatcat tgaattgagt gactgctggg tgacaaagac caaggcatcc gttccctgag 1920 
agtcctgggc aagcagcaat gtgaccttca tttgtaccta ctcaggttct ttatctgtcc 1980 
45 tgtttgacct acttagtctc ctctggtgtc tcagaggccc aggctgggta ctctggatgt 2040 

2100 



caggatcagg ccaatgcgca catctgccct agaaatgtcc ccctggttga gcagctcctg 

aatccatcgg taaagggtct ggaccaggga. ggagtcagat aaaaagctga cagcactggg 2160 

ggactccatg gggaactccc acctgccccc acacatccat cctaagagaa ctggtattcc 2220 

so ttgtttcctc tttgtcctac aaggcaccct gggatcccac ttcagtctcc cagccttgcc 

agggttagag ggcatgagcc tccttgtggg gaatttagat gcaagaaggt acagtcacta 

gagaacctga gctcagatec ccaaagtaac cagtacctga tagtgaggca gctgagaacc 

gcagcagcct gcctgagtgg ctgaactctg cggcctccgg aactggcccc aactgttggg 

tctcctcttc cttcctcctg tgagggaggg cccatctctg ataagtgctg tggggactct 2520 

agagtaggga ggaggaggag caatctaagc aggccttact gagaagtcct tgctggcatg 2580 



2280 
2340 
2400 
2460 
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tggctgcctg aggagtacag actgggaaca cccatttgaa tgagtaaggt ttttcctgaa 2640 
ggccatgggg agccacggag gaaaatcatt ttagttacaa gacaaagagt agattggtta 270O 
acatgggagc arggacatgg ccccaatttt cattgatgaa ggaaattgga actcrgagag 2760 

gttaagtaac ttctcccaaa tagctcagct tcataatcac agaacagtca gagtctagat 2820 

ctctctgatg cctgtgatgg tcctgccatt ccatgttgct gatccctgtg gcatcagtaa 2880 

gcctctacct tgtgggaatg caggatctaa atgaagagag raagtgctgg ccccatgctg 2940 

tggtctggaa agctatgcag gctctttgag cagagagtga cccacaagtg aatagagtcc 3000 

tatgagactc aaagcaacat ccacccttaa gcagctctaa ccaaatgctc acactgaggg 3060 

agccaaagcc aagttagagt cctgtgcltg cccaaggtca ctttgcctgg ccctcctcct 3120 

atagcacccg tgttatctta tagccctcat tacagtgatt acaattataa ttagagaggt 3180 

aacagggcca cactgtcctt acacattccc ctgctagatt gtagctggga gagggggaga 3240 

tgtaggtggc tgggggagtg ggagggaaga tgcagatttt cattctgggc tctactccct 3300 

cagccatttt ttggtgtggg agttagactt tggatatgtt gatgatgagg taagggccac 3360 

agaacagtct gaactgtggt atcagaatcc tgtccctctc cctctctcct catccctctt 3420 

caccttgtca ctcctctgtc tgctacaggt ggtttctggc tgggtataga ccaagaggga 3480 

gctgagggca ccctgtccct cataggcacc atcttcgggg tgctggccag cctctgcgtc 3540 

tccctcaatg ccatctatac caagaaggtg ctcccagcag tggacaacag catctggcgc 3600 

ctaaccttct ataacaatgt caatgcctgt gtgctcttct tgcccctgat ggttctgctg 3660 

ggtgagctcc gtgccctcct tgactttgct catctgtaca gtgcccactt ctggctcatg 3720 

atgacgctgg gtggcctctt cggctttgcc attggctatg tgacaggact gcagatcaaa 3780 

ttcaccagtc ccctgaccca caatgtatca ggcacagcca aggcctgtgc gcagacagtg 3840 

ctggccgtgc tctactatga agagactaag agcttcctgt ggtggacaag caacctgatg 3900 

gtgctgggtg gctcctcagc ctatacctgg gtcaggggct gggagatgca gaagacccaa 3960 

gaggacccca gctccaaaga gggtgagaag agtgctattg gggtgtgagc. ttcttcaggg 4020 

acctgggact gaacccaag 4039 



Claims 

1. A cell in which the activity of a protein relating to transport of an intracellular sugar nucleotide, GDP-fucose, to the 
Golgi body is more decreased or deleted than its parent cell. 

2. The cell according to claim 1 , wherein the activity of a protein relating to transport of an intracellular sugar nucle- 
otide, GDP-fucose, to the Golgi body is decreased or deleted by a genetic engineering technique. 

3. The cell according to any one of claims 2 to 5, wherein the genetic engineering technique is selected from the 
group consisting of (a) to (d): 

(a) a gene disruption technique which comprises targeting a gene encoding a protein relating to transport of 
an intracellular sugar nucleotide, GDP-fucose, to the Golgi body; 

(b) a technique for Introducing a dominant negative mutant of. a protein relating to transport of an Intracellular 
sugar nucleotide, GDP-fucose, to the Golgi body; 

(c) a technique for introducing mutation into a protein relating to transport of an intracellular sugar nucleotide, 
GDP-fucose, to the Golgi body; 

(d) a technique for suprressing transcription and/or translation of a protein relating to transport of an intracellular 
sugar nucleotide, GDP-fucose, to the Golgi body. 

4. The cell according to claim 3, wherein the dominant negative mutant of a protein relating to transport of an intra- 
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cellular sugar nucleotide, GDP-fucose. to the Golgl body is an N-terminal deletion mutant of a protein relating to 
transport of an intracellular sugar nucleotide. GDP-fucose. to the Golgi body. 

The cell according to claim 4. wherein the N-terminal deletion mutant of a protein relating to transport of an intra- 
cellular sugar nucleotide, GDP-fucose. to the Golgi body Is an N-termlnal deletion mutant to which 30 amino acids 
at the N-lerminal of a prolein relating to transport of an intracellular sugar nucleol.de. GDP-fucose. to the Golg. 
body are deleted. 

The cell accordinq to claim 3, wherein the technique for suprressing transcription and/or translation of a protein 

intracellu,ar su 9 ar nuc,eotide - GDp - fucose ' to the body is an RNAI (RNA ,n,erter - 

ence) method. 

The cell according to claim 6. wherein a double-stranded RNA comprising an RNA and Its comlementary RNA is 
I roSu cedTto or expressed in the cell, said RNA comprised in the doubie-stranded RNA being *™»* 
group consisting of the following (a) to (d) and being capable of decreasing the amount of mRNA of a protein 
relating to transport of an intracellular sugar nucleotide, GDP-fucose, to the Golgi body: 

(a) an RNA corresponding to a DNA comprising a nucleotide sequence of continuous 10 to 30 nucleotides in 
the nucleotide sequence represented by SEQ ID NO:1 ; in 

(b) an RNA corresponding to a DNA comprising a nucleotide sequence of contmuous 1 0 to 30 nucleot.des in 
the nucleotide sequence represented by SEQ ID NO:3; 

(c) an RNA corresponding to a DNA comprising a nucleotide sequence of continuous 10 to 30 nucleot.des .n 
the nucleotide sequence represented by SEQ ID NO:29; 

(d) an RNA corresponding to a DNA comprising a nucleotide sequence of cont.nuous 10 to 30 nucleot.des in 
ss the nucleotide sequence represented by SEQ ID NO:30. 

8 The cell according to claim 6 or 7, wherein the double-stranded RNA comprising a RNA selected from the group 
SnsS nqTS and (b) and its complementary RNA is introduced into or expressed in the cell to thereby decrease 

t^amS 
30 body: 

(a) an RNA comprising the nucleotide sequence represented by SEQ ID NO:33; 

b an RNA which comprises a nucleotide sequence in which one or a few nucleotide are deleted or added in 
E nu"eotide sequence represented by SEQ ID NO:33 and has substantially the same RNAI acliv.ly as the 
as nucleotide sequence represented by SEQ ID NO:33. 

The cell according to claim 7 or 8, wherein the double-stranded RNA is introduced into the cell by using a vector 
into which a DNA corresponding to the RNA according to claim 7 or 8 and its complementary DNA are introduced. 

10 The cell according to any one of claims 1 to 9, wherein the protein relating to transport of an intracellular sugar 
nucleotide, GDP-fucose, to the Golgi body is a GDP-fucose transporter. 

11 . The cell according to claim 1 0, wherein the GDP-fucose transporter Is a protein encoded by a DNA selected from 
the group consisting of the following (a) to (h): 

(a) a DNA comprising the nucleotide sequence represented by SEQ ID NO:1 : 

(b) a DNA comprising the nucleotide sequence represented by SEQ ID NO:3; 

(c) a DNA comprising the nucleotide sequence represented by SEQ ID NO:29; 

(d) a DNA comprising the nucleotide sequence represented by SEQ ID NO-.30; 

(e) a DNA which hybridizes with a DNA comprising the nucleotide sequence represented by SEQ ID NO.1 
under stringent conditions and having a GDP-fucose transporter activity; 

(f) a DNA which hybridizes with a DNA comprising the nucleotide sequence represented by SEQ ID NO.3 
under stringent conditions and having a GDP-fucose transporter activity; 

(g) a DNA which hybridizes with a DNA comprising the nucleotide sequence represented by SEQ ID NO.29 
under stringent conditions and having a GDP-fucose transporter activity; 

(h) a DNA which hybridizes with a DNA comprising the nucleotide sequence represented by SEQ ID NO.30 
under stringent conditions and having a GDP-fucose transporter activity. 
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1 2. The cell according to claim 1 0, wherein the GDP-fucose transporter is a protein selected from the group consisting 
of the following (a) to (I): 

(a) a protein comprising the amino acid sequence represented by SEQ ID NO:2; 

(b) a protein comprising the amino acid sequence represented by SEQ ID NO:4; 

(c) a protein comprising the amino acid sequence represented by SEQ ID NO:31 ; 

(d) a protein comprising the amino acid sequence represented by SEQ ID NO:32; 

(e) a protein which comprises an amino acid sequence in which at least one amino acid is deleted, substituted, 
inserted and/or added in the amino acid sequence represented by SEQ ID NO:2 and has a GDP-fucose trans- 
porter activity; 

(f) a protein which comprises an amino acid sequence in which at least one amino acid is deleted, substituted, 
inserted and/or added in the amino acid sequence represented by SEQ ID NO:4 and has a GDP-fucose trans- 
porter activity; 

(g) a protein which comprises an amino acid sequence in which at least one amino acid is deleted, substituted, 
inserted and/or added in the amino acid sequence represented by SEQ ID NO:31 and has a GDP-fucose 
transporter activity; 

(h) a protein which comprises an amino acid sequence in which at least one amino acid is deleted, substituted, 
inserted and/or added in the amino acid sequence represented by SEQ ID NO:32 and has a GDP-fucose 
transporter activity; 

(i) a protein which comprises an amino acid sequence having a homology of at least 80% with the amino acid 
sequence represented by SEQ ID NO;2 and has a GDP-fucose transporter activity; 

(j) a protein which comprises an amino acid sequence having a homology of at least 80% with the amino acid 
sequence represented by SEQ ID NO:4 and has a GDP-fucose transporter activity; 

(k) a protein which comprises an amino acid sequence having a homology of at least 80% with the amino acid 
sequence represented by SEQ ID NO:31 and has a GDP-fucose transporter activity; 
(I) a protein which comprises an amino acid sequence having a homology of at least 80% with the amino acid 
sequence represented by SEQ ID NO:32 and has a GDP-fucose transporter activity. 

13. The cell according to any one of claims 1 to 12, which is resistant to a lectin which recognizes a sugar chain in 
so which 1 -position of f ucose is bound to 6-position of N-acetylglucosamlne in the reducing end through a-bond in a 

complex N-glycoside-linked sugar chain. 

14. The cell according to claim 13, which is resistant to at least one lectin selected from the group consisting of the 
following (a) to (d): 

(a) a Lens culinaris lectin; 

(b) a Pisum sativum lectin; 

(c) a Vlcla faba lectin; 

(d) an Aleuria aurantia lectin. 

15. The cell according to any one of claims 1 to 14, wherein the cell is selected from the group consisting of a yeast, 
an animal cell, an insect cell and a plant cell. 

16. The cell according to any one of claims 1 to 1 5, which is selected from the group consisting of the following (a) to (j) : 

45 

(a) a CHO cell derived from a Chinese hamster ovary tissue; 

(b) a rat myeloma cell line YB2/3HL.P2.G11.16Ag.20 cell; 

(c) a mouse myeloma cell line NS0 cell; 

(d) a mouse myeloma cell line SP2/0-Ag14 cell; 

so (e) a BHK cell derived from a Syrian hamster kidney tissue; 

(f) a hybridoma cell which produces an antibody; 

(g) a human leukemic cell line Namalwa cell; 

(h) an embryonic stem ceil; 
(I) a fertilized egg cell; 

55 (]) a plant cell. 

17. A cell in which a gene encoding an antibody molecule is introduced into the cell according to any one of claims 1 
to 16. 
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18. The cell according to claim 1 7, wherein the antibody molecule is selected from the group consisting of the following 
(a)to(d): 

(a) a human antibody; 
s (b) a humanized antibody; 

(c) an antibody fragment comprising the Fc region or (a) or (b); 

(d) a fusion protein comprising the Fc region of (a) or (b). 

19. The cell according to claim 17 or 18 : wherein the antibody molecule belongs to an IgG class. 

10 

20. The cell according to any one of claims 1 7 to 1 9, wherein the antibody composition has a higher antibody-dependent 
cell-mediated cytotoxic activity than an antibody composition produced by its parent cell. 

21 . The cell according to claim 20, wherein the antibody composition having a higher antibody-dependent cell-mediated 
15 cytotoxic activity has a higher ratio of a sugar chain in which fucose is not bound to N-acetylglucosamine in the 

reducing end in the sugar chain among total complex N-glycoside-linked sugar chains bound to the Fc region in 
the antibody composition than an antibody composition produced by its parent cell. 

22. The cell according to claim 21 , wherein the ratio of a sugar chain in which fucose is not bound to /V-acetylglu- 
20 cosamine in the reducing end through a-bond is 20% or more of total complex lycos id e-l inked sugar chains 

bound to the Fc region in the antibody composition. 

23. The cell according to claim 21 , wherein the sugar chain in which fucose is not bound is a sugar chain In which 
1 -position of fucose is not bound to 6-position of N-acetylglucosamine in the reducing end in the complex A/- 

25 glycoside-linked sugar chain through a-bond. 

24. A process for producing an antibody composition, which comprises using the cell according to any one of claims 
17 to 23. 

30 25. A process for producing an antibody composition, which comprises culturing the cell according to any one of claims 
1 7 to 23 in a medium to form and accumulate an antibody composition in the culture; and recovering the antibody 
composition from the culture. 

26. The process according to claim 24 or 25, wherein the antibody composition has a higher aniibody-dependeru cell- 
35 mediated cytotoxic activity than an antibody composition produced by its parent cell. 

27. The process according to claim 26, wherein the antibody composition having a higher antibody-dependent cell- 
mediated cytotoxic activity has a higher ratio of a sugar chain in which fucose is not bound to N-acetylglucosamine 
in the reducing end in the sugar chain among total complex N-glycoside-linked sugar chains bound to the Fc region 

40 in the antibody composition than an antibody composition produced by its parent cell. 

28. The process according to claim 27, wherein the ratio of a sugar chain in which fucose is not bound to A/-acetylglu- 
cosamine in the reducing end through a-bond is 20% or more of total complex Mglycoside-linked sugar chains 
bound to the Fc region in the antibody composition. 

45 

29. The process according to claim 27, wherein the sugar chain in which fucose is not bound is a sugar chain in which 
1 -position of the fucose is not bound to 6-position of A/-acetylglucosamine in the reducing end through a-bond in 
a complex N-glycoside-linked sugar chain. 

50 30. A transgenic non-human animal or plant or the progenies thereof, in which genome is modified so as to have a 
decreased or deleted activity of a protein relating to transport of an intracellular sugar nucleotide, GDP-fucose, to 
the Golgi body. 

31 . The transgenic non-human animal or plant or the progenies thereof according to claim 30, wherein a gene encoding 
55 a protein relating to transport of an intracellular sugar nucleotide, GDP-fucose, to the Golgi body is knocked out. 

32. The transgenic non-human animal or plant or the progenies thereof according to claim 31 , wherein all allelic genes 
on a genome encoding a protein relating to transport of an intracellular sugar nucleotide, GDP-fucose, to the Golgi 
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body is knocked out. 

33. The transgenic non-human animal or plant or the progenies thereof according to any one ot claims 30 to 32. wherein 
the protein relating to transport of an intracellular sugar nucleotide, GDP-f ucose, to the Golgi body Is a GDP-fucose 

s transporter 

34. The transgenic non-human animal or planl or the progenies thereor according Lo claim 33, wherein the GDP-rucose 
transporter is a protein encoded by a DNA selected from the group consisting of the following (a) to (h): 

10 (a) a DNA comprising the nucleotide sequence represented by SEQ ID IMO:1 ; 

(b) a DNA comprising the nucleotide sequence represented by SEQ ID NO:3; 

(c) a DNA comprising the nucleotide sequence represented by SEQ ID NO:29; 

(d) a DNA comprising the nucleotide sequence represented by SEQ ID NO:30; 

(e) a DNA which hybridizes with a DNA comprising the nucleotide sequence represented by SEQ ID NO:1 
15 under stringent conditions and having a GDP-fucose transporter activity; 

(f) a DNA which hybridizes with a DNA comprising the nucleotide sequence represented by SEQ ID NO:3 
under stringent conditions and having a GDP-fucose transporter activity; 

(g) a DNA which hybridizes with a DNA comprising the nucleotide sequence represented by SEQ ID NO:29 
under stringent conditions and having a GDP-fucose transporter activity; 

20 (h) a DNA which hybridizes with a DNA comprising the nucleotide sequence represented by SEQ ID NO:30 

under stringent conditions and having a GDP-fucose transporter activity. 

35. The transgenic non-human animal or plant orthe progenies thereof according to claim 33, wherein the GDP-fucose 
transporter is a protein selected from the group consisting of the following (a) to (I): 

(a) a protein comprising the amino acid sequence represented by SEQ ID NO:2; 

(b) a protein comprising the amino acid sequence represented by SEQ ID NO;4; 

(c) a protein comprising the amino acid sequence represented by SEQ ID NO:31; 

(d) a protein comprising the amino acid sequence represented by SEQ ID NO:32; 

so (e) a protein which comprises an amino acid sequence in which at least one amino acid is deleted, substituted, 

inserted and/or added in the amino acid sequence represented by SEQ ID NO:2 and has a GDP-fucose trans- 
porter activity; 

(f) a protein which comprises an amino acid sequence In which at least one amino acid is deleted, substituted, 
inserted and/or added in the amino acid sequence represented by SEQ ID NQ:4 and has a GDP-fucose trans- 

3$ porter activity; 

(g) a protein which comprises an amino acid sequence in which at least one amino acid is deleted, substituted, 
inserted and/or added in the amino acid sequence represented by SEQ ID NO;31 and has a GDP-fucose 
transporter activity; 

(h) a protein which comprises an amino acid sequence in which at least one amino acid is deleted, substituted, 
40 inserted and/or added in the amino acid sequence represented by SEQ ID NO:32 and has a GDP-fucose 

transporter activity; 

(i) a protein which comprises an amino acid sequence having a homology of at least 80% with the amino acid 
sequence represented by SEQ ID NO:2 and has a GDP-fucose transporter activity; 

(j) a protein which comprises an amino acid sequence having a homology of at least 80% with the amino acid 
45 sequence represented by SEQ ID NO:4 and has a GDP-fucose transporter activity; 

(k) a protein which comprises an amino acid sequence having a homology of at least 80% with the amino acid 
sequence represented by SEQ ID NO:31 and has a GDP-fucose transporter activity; 
(I) a protein which comprises an amino acid sequence having a homology of at least 80% with the amino acid 
sequence represented by SEQ ID NO:32 and has a GDP-fucose transporter activity. 

36. The transgenic non-human animal or the progenies thereof according to any one of claims 30 to 35, wherein the 
transgenic non-human animal is selected from the group consisting of cattle, sheep, goat, pig, horse, mouse, rat, 
fowl, monkey and rabbit. 

55 37. A transgenic non-human animal or plant or the progenies thereof in which a gene encoding an antibody molecule 
is introduced into the transgenic non-human animal or plant orthe progenies thereof according to any one of claims 
30 to 36. 
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38. The transgenic non-human animal or plant or the progenies thereof according to claim 37, wherein the antibody 
molecule is selected from the group consisting of the following (a) to (d): 

(a) a human antibody; 
5 (b) a humanized antibody; 

(c) an antibody fragment comprising Ihe Fc region of (a) or (b); 

(d) a fusion protein comprising the Fc region of (a) or (b). 

•39. The transgenic non-human animal or plant or the progenies thereof according to claim 37 or 38, wherein the 
10 antibody molecule belongs to an IgG class. 

40 A process for producing an antibody composition, which comprises rearing the transgenic non-human animal or 

* plant or the progenies thereof according to any one of claims 37 to 39; and recovering the desired antibody com- 
position from the isolated tissue or body fluid. 

41 A process for producing an antibody composition, which comprises isolating an antibody-producing cell from the 

* transgenic non-human animal or plant or the progenies thereof according to any one of claims 37 to 39; cultunng 
the isolated antibody-producing cell in a medium to form and accumulate an antibody composition in a culture; 
and recovering the antibody composition from the culture. 

42 The process according to claim 40 or 41 , wherein the antibody composition has a higher antibody-dependent cell- 
mediated cytotoxic activity than an antibody composition produced from a non-human animal or plant in which 
genome is not modified or the progenies thereof 

25 43 The process according to claim 42, wherein the antibody composition having a higher antibody-dependent cell- 

* mediated cytotoxic activity has a higher ratio of a sugar chain in which fucose is not bound to N-acetylglucosamine 
in the reducing end in the sugar chain among total complex N-glycoside-linked sugar chains bound to the Fc region 
in the antibody composition than an antibody composition produced by a non-human animal or plant or the prog- 
enies thereof in which genome is not modified. 

30 

44 The process according to claim 43, wherein the ratio of a sugar chain in which fucose is not bound to AAacetylglu- 

* cosamine in the reducing end through a-bond is 20% or more of total complex Mglycosi de-linked sugar chains 
bound to the Fc region In the antibody composition. 

35 45 The process according to claim 43, wherein the sugar chain in which fucose is not bound is a sugar chain in which 
" 1 -position of the fucose is not bound to 6-position of /V-acetylgiucos amine in the reducing end through a-bond in 
a complex N-giycoside-linked sugar chain. 

46. An antibody composition produced by the process according to any one of claims 24 to 29. 

47. An antibody composition produced by the process according to any one of claims 40 to 45. 

48. A medicament comprising as an active ingredient the antibody composition according to claim 46 or 47. 

49 The medicament according to claim 48, which diagnoses, prevents or treats tumor-accompanied diseases, allergy- 
accompanied diseases, inflammatory-accompanied diseases, autoimmune diseases, cardiovascular diseases, vi- 
ral Infection-accompanied diseases or bacterial infection-accompanied diseases. 

50. A protein which is selected from the group consisting of the following (a) and (b): 

(a) a protein comprising the amino acid sequence represented by SEQ ID NO:2; 

(b) a protein which comprises an amino acid sequence in which at least one amino acid is deleted, substituted, 
inserted and/or added in the amino acid sequence represented by SEQ ID NO:2 and has a GDP-fucose trans- 
porter activity. 

51. A DNA comprising the nucleotide sequence represented by SEQ ID NO:1 . 

52. A target vector for homologous recombination which comprises targeting a GDP-fucose transporter, comprising 
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the full length DNA represented by SEQ ID NO:1 or a part thereof. 

53. A protein which Inhibits the function of a GDP-fucose transporter. 

54. The protein according to claim 53, wherein the protein which Inhibits the function of a GDP-fucose transporter Is 
a dominant negative protein or a GDP-fucose transporter. 

55. The protein according to claim 54, wherein the dominant negative protein of a GDP-fucose transporter Is an N- 
termlnal-deleted mutant of GDP-fucose transporter. 

56 The protein according to claim 55, wherein the N-terminal-deleted mutant of GDP-fucose transporter is an N- 
terminal-deleted mutant of GDP-fucose transporter in which 30 amino acids are deleted from the N-terminal of the 
GDP-fucose transporter. 

57. The protein according to any one of claims 53 to 56, wherein the GDP-fucose transporter Is a protein selected 
from the group consisting of the following (a) to (I): 

(a) a protein comprising the amino acid sequence represented by SEQ ID NO:2; 

(b) a protein comprising the amino acid sequence represented by SEQ ID NO:4; 

(c) a protein comprising the amino acid sequence represented by SEQ ID NO:31 ; 

(d) a protein comprising the amino acid sequence represented by SEQ ID NO:32; 

(e) a protein which comprises an amino acid sequence In which at least one amino acid is deleted, substituted, 
inserted and/or added in the amino acid sequence represented by SEQ ID NO:2 and has a GDP-fucose trans- 
porter activity; . , , . 

(f) a protein which comprises an amino acid sequence in which at least one amino acid is deleted, substituted, 
inserted and/or added in the amino acid sequence represented by SEQ ID NO:4 and has a GDP-fucose trans- 

STprS which comprises an amino acid sequence in which at least one amino acid is deleted, substituted, 
inserted and/or added in the amino acid sequence represented by SEQ ID NO:31 and has a GDP-fucose 

transporter activity; . . , .„ * 

(h) a protein which comprises an amino acid sequence in which at least one amino acid is deleted, substituted, 
inserted and/or added in the amino acid sequence represented by SEQ ID NO:32 and has a GDP-fucose 
transporter activity; 

(i) a protein which comprises an amino acid sequence having a homology of at least 80% with the ammo acid 
sequence represented by SEQ ID NO:2 and has a GDP-fucose transporter activity; 

(j) a protein which comprises an amino acid sequence having a homology of at least 80% with the amino acid 

sequence represented by SEQ ID NO:4 and has a GDP-fucose transporter activity; 

(k) a protein which comprises an amino acid sequence having a homology of at least 80% with the amino acid 

sequence represented by SEQ ID NO:31 and has a GDP-fucose transporter activity; 

(I) a protein which comprises an amino acid sequence having a homology of at least 80% with the amino acid 

sequence represented by SEQ ID NO:32 and has a GDP-fucose transporter activity. 

58. A DNA encoding the protein according to any one of claims 53 to 57. 

59. A double-stranded RNA comprising an RN A selected from the group consisting of (a) and (b) and Its complementary 
RNA: 

(a) an RNA comprising the nucleotide sequence represented by SEQ ID NO:33; 

(b) an RNA which comprises a nucleotide sequence in which one or a few nucleotide are deleted or added In 
the nucleotide sequence represented by SEQ ID NO:33 and has substantially the same RNAi activity to a 
protein relating to transport of an intracellular sugar nucleotide, GDP-fucose, to the Golgl body as the nucleotide 
sequence represented by SEQ ID NO:33. 

60. A DNA corresponding to the RNA according to claim 59 and Its complementary DNA. 

61. The DNA according to claim 60, wherein the DNA corresponding to the RNA Is represented by the nucleotide 
sequence represented by SEQ ID NO:16. 
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62. A recombinant DNA comprising the DNA according to claim 60 or 61 and Its complementary DNA. 

63. The recombinant DNA according to claim 62. which is constituted for expressing the double-stranded RNA ac- 
cording to claim 59. 

64. A transformant obtainable by introducing the recombinanl DNA according to claim 62 or 63 into a cell. 

65 A process for producing a cell resistant to a lectin which recognizes a sugar chain in which 1 -position of Ifucose is 
" bound to 6-posltion of N-acetylglucosamine in the reducing end through «-bond in a complex N-glycos.de-lmked 
sugar chain which comprises introducing Into and/or expressing in a cell the double-stranded RNA according to 
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66. The process according to according to claim 65. wherein said Introduction of the double-stranded RNA is Intro- 
duction of a vector into which a complementary DNA of the RNA according to cla.m 62 or 63 is inserted. 

67 The process according to claim 65 or 66, wherein the cell resistant to a lectin which recognises a sugar chain , in 
' which 1-position of fucose Is bound to 6-position of N-acetylglucosamine in the reducing end through «-bond n a 
complex N-glycoside-linked sugar chain is a cell resistant to at least one lectin selected from the group consisting 
of the following (a) to (d): 

(a) a Lens culinaris lectin; 

(b) a Pisum sativum lectin; 

(c) a Vicia faba lectin; 

(d) an Aleuria aurantia lectin. 

68. The process according to any one of claims 65 to 67, wherein the cell is selected from the group consisting of a 
yeast, an animal cell, an insect cell and a plant cell. 

69. The process according to any one of claims 65 to 68, wherein the cell is selected from the group consisting of the 
30 following (a) to (J): 

(a) a CHO cell derived from a Chinese hamster ovary tissue; 

(b) a rat myeloma cell line YB2/3HL.P2.G11 .16Ag.20 cell; 

(c) a mouse myeloma cell line NSO cell; 

35 (d) a mouse myeloma cell line SP2/0-Ag14 cell; 

(e) a BHK cell derived from a Syrian hamster kidney tissue; 

(f) a hybridoma cell which produces an antibody; 

(g) a human leukemic cell line Namaiwa cell; 

(h) an embryonic stem cell; 
40 (i) a fertilized egg cell; 

(j) a plant cell. 

70. Use of the antibody composition according to claim 43 or 44 in the manufacture of the medicament according to 
claim 48 or 49. 
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FIG. 3 
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FIG. 6 
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FIG. 10 
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FIG. 11 
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